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PREFACE

This report documents work conducted under Task Number
3 of Contract Numbar D0T-CG-72074-A from January {7, 1978 to
August 21, 1979. The work was performed at Clemson Unlversify
under the auspices of the U. S§. Coast Guard, with LTjg Steven
F. Wiker and Ens. John A, Budde serving as program technlcal
monltors. The contract principal Investigator was Dr. R. Michael
Harnett. The leader of the part of the work addrassed In this
rebort was Dr. E. R, Baker, !V. The graduate assistant In this
work was Jeffrey L. Ringuest.
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1.0 INTRODUCTION

The use of human subjects for testing hypothermia protectlion devices
is not without risk. Additlonally, such In vivo tests can be used only
to mild state of hypothermia (rectal temperatures not less than 35°C). A
mathematical model capable of accurately simulating the thermal responses
of a protected man In a cold environment would be an attractive alternatlve
to human experimentation. In additlon, the time requlired to perform the
human experiments makes this alternative method of device evaluation

extremely attractive.

{.1 Background

A varlety of models have been proposed for the human thermal system.
Some of the models have been established from experimentation while others
have beer constructed from the theories of thsrmodynamics and fluld mechanlcs.
Some models predict the behavior of the whole body while others are speclalized




to a partlcular body segment. The Interest In thls research lles In
models of the entire human body. Excellent reviews of the worx in this
fleld ars avallable by Hardy (1972), Mitchell, et al. (1972), Shitzer
(1972), Fan, et al. (1971), and Hwang and Konz (1977).

Mathematical models of the whole human body may be generally classifled
as single cylinder or multi-segment models. Further classiflcation Is
accomp|ished by determlnlpg whether thermoragulatlion ls Internal or external
to the model. Models with internal thermoregulatlon functions may be
;viewed as a composite of twa submodels, one for the passive system (physical

' system) and one for the controlling system.

The complexlty of models of the passive systems depends upon the
number of body segments modeled, thelir geometrles, the number of nodes and
shells (layers of segment composition) attributed to each segment and the
sophistication of the model circulatory system. The complexity of con-
troller models range from simple function-evaluation types to those which
compute error signals based on varlables such as average skin temperature,
core temperature and skin heat flux. All controllers datermine metabollc

ate and in some models, the control system also determines the sudometer

(sweating) and vasometer (variable blood flow) responses.

The models are most generally expressed as a set of differential equa-
tions. Early models were solved using analog computers. The advent of
larger, faster dlgltal machines has resulted In most models now belng
programmed for digital computers. The solutior methodology most often

employed is that of finite differences.

1.2 Objectives

The objective of thls research was to determine the feasibility of
using an exlisting human thermal model in the evaluation of Immersion
hypothermia protection devices. To accomplish this task a review of the
literature was conducted leading to the selection of candlidate models
representing the general types avalilable. Computer codes for these models
were obtalned and mod!fled as necessary to Implement them on the computer
system at Clemson University. These modiflications of the computer-based

models were not Intended to accomplish baslc structural changes to the
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models or to Improve thelr Intrinslic capabllities.

The selected candidate models were to be valldated against the data
collected from the human Immerslons discussed In Part | of thls report,
see Harnett, et al. (1979). Based on the results of these valldaticns,
recommendat lons were formulated ragarding the potent!al usefulness of sach
selected model. Also, the most Important areas for model luprovemant were
determined and recommendatlons regarding thelr prloritlies were developed
for considearation prior o undertaking any efforts almed at improving the

capabilities of a model.

{.3 Scope

The scope of this effort included only an evaluatlon of exlsting modeis.
No new model development or modification of existing medals was required.
However, In the course of implementing the computer-based models and
experimenting with them, It was alsc possible within project cost and
schedule constralnts to develop and Implement a number of substantive model
modifications. These modifications improved the performance of the affected
modi:ls and in some cases were necessary In order to glve the models any
chance of performing as requlired for the evaluatlon of cold water protection

equipment.
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2.0 MODEL SELECTION

After a review of the literature It was declded that this Irnvestigation
would be limited to non-steady state models contalning controllers. This
decision was predicated on two facts: (!) ths human response to cold water
Immersion was unllkely to be steady state and (2) we would be unabie to
externally control the model since no experimental Immersion data was
avallable which correlated metabollc rate, vaso-constricilon and surface
blood flow to the physical parameters of the modal such as core, skin

and water temperatures.

References were found In the llterature to but a few models fitting
these criteria. Conversations and correspondence with the authors of these
models revealed several other unpublished wodels. However, these models
were al) reported Lo be very similar to those found through the llterature
search. The following five models were obtalned: Stolwijk, (1972);
Montgomery, (1972); Gordon, (1972); Kuznet, (1974); and Winton and Linebarger,
(1971). An additicnal model, without a controller, Wissler (1566} was re-

quested from Its author; but thls request was not granted.

These models represented several different phllosophies In the modelling
of both the passive and control systems. Stolwljk's and Kuznet's models

had been used primarlly for Investigation of hyperthermla. The appllicatlions

were in support of the NASA manned space flight program. Both models were
implemented on Clemson's IBM 370/165 and exercised with test data as speciflied
by thelr authors. Nelther model, however, was modifled for further evaluation,
Stolwljk's model was dropped from further Investigation because Montgomery's
modal was determined to be an extension of It which had been used for diving
studies. Kuznet's model was dropped because of I*s simllarity to both the
Gordon and Montgomery models. The three remaining models, Winton's,
Montgomery's and Gordon's were chusen because of the contrasts among them

in terms of their general approaches ard complexlty.

The Winton and Linebarger Model

The Winton and Linebarger (197!) model is the simplest of the models
studied. Thls model was Intended for study of both the steady-state and
translent response of the human thermoregulatlion system to varlous degrees

of Internal and external thermal stress. Emphasis In this mode! was placed




on the feedback structure and controller mechanisms Involved in thermo-
regulation. This model has been exerciced using both analog and dlgltai

simulation.

Winton and Linebarger represent the shape of the body as a cyllinder
having three concentric layers. The inner-most layer represents the core
of the body, which is composed of the deep t!ssues and internal organs.
Surrounding the Inner core Is a middle 'ayer made up of muscle and fat.
The skin comprises the ther layer of the cyllinder. For purposes of
analysis the thermal propertles of the three-layer model are reprasented
by an analogous electrical circulit. The thermal system and !ts electrical
analog are governed by identical dlfferential equations which form the

basis of this mode!.

Three primary controi mechanlsms are Included in this model: sudometer,
vasometer and metabolic. These control mechanlisms are Incorporated [nto
the model by varying the related parameters of the clrcult analog in an
appropriate manner. Physiologlcal studies have shown the Importance of
both core and skin themperatures in thermoregulation. Based on these
studies feedback signals from the coie and skln have besen Included In this

model.

The Montgomery Model

The Montgomery mocel Is an extension of the Stolwljk (1970) mode!
intended to alluw Investigation of heat ioss/gain during underwater diving
work, Its thermoregulatory system Is divided Into two distinct subsystems:
the physical-controlled subsystem and the dynamic-controlllng subsystem.

The controlled subsystem cons'sts of the physlcal portions ot the body.

The controll!ng subsystem contains the central hypothalamic thermo-
integrator, the central set polnt temperature and assoclated afferent
and efferent signal pathways. The controlling subsystem receives afferent
signals from all portlions of the body, lhtegrates the signals, compares the
results to the central set polint and distributes the approprlate effector

command signals (o all portions of the body.

The controlled subsystem, Flgure {!ll~{ consists of the head which Is
considered a sphere and cylinders representing the trunk, arms, hands, legs and

feet. Both arms, hands,legs and feet are represented,because of symmetry,by one
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cylinder each. Each body segment Is composed of eleven concentric

layers: four representing tha body core, four representing the muscle
layer, and one each representing the body layers of fat and skin, and

one representing the outer wet sult layar. A central blood compartment
simulates the body's central blood poo! which exchanges heat with all other
body compartments, via convectlve heat transfer, through simulated blood
flow to each compartment. Each of sixty-one body compartments |s represented
by a heat balance equatidn which accounts for Internal heat generation,
conductive heat transfer between adjacent compartments, and convective

heat exchange with the central blood compartment. Where appllicable,
respiratory heat generation and heat loss are Includea In the body compart-
ment heat equatlons. Addit!onal heat balance equations represent a wet
sult on the six body segments and include the effects of conductive heat
transfer with the skir and conduction-convectlon with the ambient water.
Each of the sixty-seven heat balance squations includes the thermal capacl-
tance of the compartment enahling the transient response of the compartment

to be simulated.

The Gordon Model

The Gordon mode! |s the most complex of the three models axamined.
Gordon also divides the temperature regulatory system Intc two major subsystems:
the passive subsystem and the control subsystem. The passive subsystem lIs
divided Into ten body segments. Cylinders are used to represent the neck,
thorax, abdomen, arms, hands, legs and feet. A cylindrical segment represents
the face and spherlcal segments represent the head and forehead. All seg-
ments consist of four concentric layers. Both the number of segments and
the number of Integration nodes per layer Is varlable. The model was
implemanted at Clemson wlth the segmentatlon described above and eleven
nodes per segment. Bath of these cholces were used by Gordon In hls Initlal
validation of the mode!. They represent a loglical balance betwsen computational

burd=n and numerlcal precision.

Since the body is modeled as concentric spherical or cylindrical shells,
(Figure 111-2) the governing equations were obtained by considering a shell of
unlform properties. An energy balance equation Is used for each shell, Yo
complete the passive subsystem model, heat transfer Involving the blood pool was

modeled, Including counter-current heat exchange between certaln body elements

7




and the blood pool. The partial differential equations (which from the
energy balancing) are nonlinesr and are solved by finite difference

techniques.

The control subsystem In thls model! generates several ''error signals''
which are deviations of average skin heat flux, average skin temperature,
and hypothalmus temperature from set-point values obtalned passively during
basal conditlons (resting with no fcod In stomach). Combinations of these
error signals are welghtéd to produce the control subsystem signal. The
equatlons which describe this control signal make up the control system
model. Although the origlnal emphasis of thls model! was to simulate
exposure to cold alr, provisions were made for the future additlon of a
warm-environment controller. The computer code for the Gordon model was

written [, FORTRAN.
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3.0 THERMAL TESTING PROCEDURE AND RESULTS

Any model to be used for evaluations of a cold-protection device
must be provided a description of the therma! properties of the device.
The modals consldered In this study wera modlfled to accept, as Input
data, the thermal conductivity (reslistivity) of the devices. Slince this
data was not avallable for many of the devices Included in thls study, It
was necessary to determire them through exper!mentation. Thls chapter
presents a brlef description of the testing methcdology and the results
obtalned with it, A detallaed dsscription of the methodology was glven

by Baker (1979).

Briefly, the procedure was to monitor the temparature In a bag ~f
water (inltially warm) vhich had besn surrounded by the test material,
while It was vigorously agltated In a large tank of colder water. From
this data, the BTU loss could be calculated. Assuming linearity over a
briaf span (3~5 minutes) an estimate of the thermal resistance (R) of the
materla! was calculatead. Values obtalned In this way are only approx/-
mations but ware seen to compare wall with published values obtalned using
the methodology of ASTM-C518-70.

Each device Included In the cold~immerslon test {except the PFD) was
testad to determina Its thermal resistance. A number of tests were per-
formed on each device. Any test whose result was suspect due to obvious
nont tnearity was discarded. This resultad In sample slzes rangling from
three to five for Individual protective devices. Table 111-1 presents
therma! resistance valuss (R values) detarmined In this testing and co-
efficlent of heat transfer values (U values).

Thae sults which reliad upon Aramid underwear to provide thermal protectlion
ware tested with a swatch of It placed between the bag and the device being
testad. These sults are ldentiflad In Table I11-1 with the comment (W/A).
it was noted that In the case of the (WU-21/AP, the Arimld swatch was wet
at tha completion of each tast. As was polnted out in Part | of thls report,
Harnett, et al. {(1979), this sult wss also observed to lesk during Its In
vivo cold immersion testing.

The ILC Industries prototype and Dr. Rentsch's prototyps rely mainly
on an Inflgtatle alr bladder to provide tharmal protection, The conductivity

9
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of these two devices could noc be datermined by dlrect tests as previously
described. Instead, we measured the Intrinslic conductivity of the sults
deflated. Thes<e values along with the average thickness of the alr space
with the sult inflated were used to calculate an ovarali conduztivity.

The calculated values shown In Table (11-{ are actually the average of

two calculatad valuss. One value was calculatad assuming that the alr
space was devold of convectlon; the second assumed that the convection-
conduction was squivalent to that batween two smocth paralliel plates.

The flrst assumption leads to an optimistic value, the second to a pessi-
mistic value. The average was taken with uni{form welghting. Th!s approxi~
matlon Is necessitated by the geometry of the problem which does not lend

Itself to solution by known techniquess.

The accuracy of thls method Is unknown. It |s suggested that In the
future, conductlvity tests be run using a heat balance system similar to
that recommended In ASTM-C518-70 bu: adapted to testing In 'the wet''

For example, a brass sphere contalning water ard a heating coll could bpe
covered with the material to be tested. By monltoring the temperature in
the vessel during Iimmersion, the power through the coll can be adjusted
untll a steady-state temperature Is achleved within the vessel. The power
being supplled to the coll Is then directly related to the conductlvity
of the protective material.
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b.0 EVALUATION OF THE SELECTED MODELS

The models selected ware modifled to accept the inputs from the
thermal testing described In the last chapter. This simplified the

process of exercising the modeis for the varlety of test artlcles con-
sidered In the study. |t was a!sou necessary to modify by adding a layer

to represent the protectlion equipment. Further, It was recessary to

mod!fy the modeling of corvectlve-conductlive heat transfer av the interface
with the environmant to reflact the differances rasultling from water as

opposed to alr Immersion.

4.1 _The Winton and Linebarger Mode®

The Winton and Llinebargar model Is the simplest of the three selected for
evaluation. The three-layered cylinder used to model the body was represented

by the electrical circult analog shown In Figure 111-3,

FIGURE 1ii1-3
WINTON~L INEBARGER 3-LAYEP. MODEL

The model, originally Implemented or an analog device was later written In
CSMP., A (SMP version cf the model was Impizmented and evaluated In thils
study.

In Figure 111-3, Hc Is a current source which represents basal matabolic

12
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thermogenesis, shivering thermogeres!s and resplratory heat loss, Gv Is

a resistor representing the net heat conduction of the body tlssues and Ga
represents the net conductlion from body to environment. Cc ls a capacltor
representing the heat capacltance of the body tissues except for the skin
which is represented by Cs. He Is a current source representing evaporative
heat loss. Ta 's a voltage source representing amblent env!ronmental

temperature and Tc and Ts represent core and skin temperatures, respectlively,

To accommodate modeling of a thermal protectlve device It was necessary
to modify the circult In Figure IF1-3. Flgure I11-4 shows the modl fled
model .

FIGURE 111-~4
MODIFIED WINTON-LINEBARGER MODEL

Here Gw represents the conductance of the protectlve device, and Cw Its

thermal capacitance. The current source, Hw’ was Included to allow the model ing
of devices which, themselves, produce heat. Tw s the temperature of the pro-
tective device. For Immersion simuiation He Is set for zero. All of the
protective devices consi{dered In this study are passive, so Hw was set to zero.
A listing of the CSHP program used to Implement the model In Figure 1114 is
shown In Appendix A.

The model performed well considering Its simpliclity. Core temperature
13




losses were of the same magnltude as those observed during a human
Immersion. The time trace Itself however was not the same as |s seen In
Figure I11-5. The model loses a signiflcant amount of heat before the
metabollc process can begln to compensate. The metabollc rate Is driven
as high as necessary to overcome the rate of heat loss and the mode!

finally exhibits a plateaulng.

FIGURE 11i=~5
TIME-TEMPERATURE PROFILE
FROM WINTON'S MODEL
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The Initial large loss of heat, as refliected by a rapidly declining
core temperaturs, Is attributed in the ma'n to the controllers Inabllity
to react to the high gradlent experienced upon Immerslion. As with many
models, Winton's was developed for use in estimating steady-state conditlons.
As & consequence, large contlinulng changes are required In core and skin
temperatures before the metabollic rate becomes suffliclently elevated to
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ovarcome the rate of heat loss due to the Immersion.

Making the mode! more useful for evaluating protective devices vould
require modiflcation of the controlllng subsystem. Because the mode’
represents the surface of the subject as a single cylinder, It Is ap;llicable
oniy to the study of full body protective devices. Some generallzat ons
to this model! are possible. With modiflication of the controiler goot estimates
of cooling rate may be pq;s!ble for full body sults. Slince the mode! requires
small amounts of both computer time and storage, there may be sufficient
Justification to warrant this modification effort.

4.2 The Gordon Model 3

As described !n Chapter 2, Gordon rapresented the body by a set «f
spherical and cylindrical segments consisting of concentrlc layars. Each
layer was subdivlided to flnally represent each segment as a set of partlal
differential equations across eleven nodes. Each node was centered In a

shell of uniform materlal. The resulting equations are solved using finite
difference techniques.

The addition of a protective device to this model requlred only two
small changes to the model. An addltlonal layer was modeled for each body
segment covered by the device. Each segment orlgirally had four layers.
Because of the rapid translent temperatures to be experienced in thils layer,
It should be modeled with not lass than two Integration nodes,Wissler (1971).

Thus, at a minimum, the model would conslst of thirteen differential equations
for each protected segment.

The second change required was In the control subsystem. In the
original model, the controller Is hooked to the last Integration node, that
of the skin. Slnce the mode! was bullt to accept a varylng number of nodes
per segment, the additlon of the protectlve davice would cause the controller
to use as Input temperatures and fluxes calculated for the furthest node
from the segment core which would be protective device surface temperatures
and fluxes. This Is easlly remedied In either of two manners. Flrst, one
may flx the number of nodes representing body In each segment thus affixing
to the skin a constant node number. Alternatlvely the node number representing
the skin may be calculated by Including as Input the number of nodes used
to represent the protective device on each segment.

15
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As mentioned above, the three models to be modifled were flirst examlined
under cenditions for which they had been designed. In this testing Gordon's
model was found to be the best overall analog. Before modiflcations waere
made to mode! the protectlve device, the model! was set up to simulate a
nude cold Immersion. As a rasult of these runs, a major problem was
observed in the Gordon mode]. One would expect that, after an initlal
rise in core temperature, a decrease would occur which may or may not find
an equllibrium level. THe period of Initlal rise and the magnitude of the
rise can vary. However, from experimental evldence one would expect the
period to be relatively short with a magnitude of at most a few tenths of
a degree celsius for a nude man In cold water. The Gordon model exhibited
the Initlal increase upon Immerslon. However, the core temperature continued
to climb as the simulated Immerslion continued. At the end of a 5-hour simulated

immersion, the core temperature had reached approximateiy 42°C.

A re-examination of the model under the conditlions for which It was
validated by its author showed that the problem could have existed at that
time. It was validated during relatively short (2 hour)simulations of ex-
posure to cold air (5°C). Increasing core temperatures were expected during
this period. Their appearance In the simulatlon results seemed to Indicate
that the model was working well, Unfortunately, the valldatlons with cold
alr immersions did not extend Into the time perlod when core cooling occurs.
This problem was not observed In the Inftial testing at Clemson because the

simulations were also of relatively short duratlon.

The Gordon model employs the most detalled model Ing of the human physical
structure of the three models examined. it was antlcipated that |t would
prove to be the most accurate of the three selected models. For this reason,

while It was not an objectlive of this effort to Ident!fy and correct modeling

errors, an attempt to do so was made. The equations for the physical system
were verified by rederivation. The coding was checked and several slmplIfi-
cations were made. Howevar, the problem could not be Ident!fled. It was

finally decided to termlnate efforts to correct the Gordon computer code, In

favor of concentrating on the Montgomery model.

k.3 The Montgomery Model

As suggested earlier, the Montgomery mode! Is basically an adaptation
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of Stolwljk's mode! designed for use In evaluating the thermal aspects of
diving activity. The model divides the body Into ten compartments/segments. .
Each segment is subdlvided into elaven concentric layers. Each compartment
represents a lumped thermal capacitance with appropriate modes of hezat
production and heat transfer to other ~zompartments. Each body layer gene-
rates metabollc heat at a baslic rate and exchanges convective heat with

the central blood pool. The eleven compartments of each segment exchange
heat via conductlve trans'fer with adjacent compartments as function of

layer geometry and tissue thermal -zonductlvity. Each wet sult segment
exchanges heat with the environment as a functlon of wet sult propertlies

and amblent watur conditlons.

The starting polnt In the development of the thermal network for a
glven subject |s to estimate his percent body fat from his helght and
welght. His total surface area Is also estimated from his helght and
welight. The surface area of each segment Is then calculated from the total

surface wrea.

The relative weights of the various segmental layers are calculated
from the subject's total body weight and a parcentage welght distribution.
The various compartment weights, when multliplied by the corresponding
specific heat value, yiclds the thermal capacitance value for each compart-
ment. Since the core of each segment conslsts of both skeletal and visceral
tissue which have different specific heat values, they must be treatcd

separately and aveiaged.

The central blood compartment, representing the blood In the heart and
the great vessels, Is assumed to contaln 2.5 liters of blood. The thermal
capacitance of the central blood compartment Is subtracted from the total
thermal capaclitance of the trunk core. The matabo!lc heat generation in
each body compartment Is calculated using the distributlon given by Stolw! jk
and Hardy (1966),

The convective heat exchange that takes place between each body compart-
ment and the central bloed pool as a result of blood flow Is calculated
using the basal blood flow values for each compartment. The thermal con-
ductances of each compartment are assumed to be unlform, concentrated at
the compartment's center of mass and only dependent upon compartment tempera-

ture. Thermal conductance between layers Is a function of the thermal

17




conductivity of the material between compartments, the distance between
compartments, the area of the heat transfer surface located at the mid-

plane between compartments and the temperature of the two compartments.

The wet-sult-to-amblent-water heat transfer coefficlents are
dependent upon the geometrlc shape of the body segment, the ambient
temperature and pressure; the viscosity, thermal! conductlvity, heat capa-
city and density of the surrounding water; and the water velocity relative
to the body segment. Wet sult compartment thermal capacitance values are
calculated as a functlon of wet sult speclflic heat and wet sult density

for each segment.

The Stolwijk (1970) blothermal model was used to form a basis for the
controlling subsystem. The first change that was made to the Stolwijk model
was to provide more compartments to represent the core and muscie tlssue
of each body segment. Finite difference methods of solution using lumped
nodes will produce errors when new gradlents develop In the relatively
thick muscle and core layers. Thls type of error may be decreased by
Introducing additional compartments In the core and muscle portlons of
the controlled subsystem. This method was used by Wissler (1964) to Improve

the simulated response tc cold exposure.

The core and muscie portlons of each segment were divided Into four
compartments, each having one~fourth of the core of muscle mass of the glven
segment. An additlonal compartment was also provided to represent the wet

suit covering each body segment.

The effect of evaporative heat loss from the skin compartments Is
negliglible under diving or totally Immersad conditlons. The evaporative
heat loss from the trunk core Is equal to that amount of heat that Is
carried away from the body during explration of the resplratory gas. The
quantity of heat loss from the resplratory tract for any gas mixture can
be calculated from the physlcal properties »f the gas mixture and the
tharmal and dynamic characteristics of the resplratory system. Resplratory
heat loss Is proportlonal to the resplratory minute volume, which Is In
turn related to the amount of oxygen requlred to provide energy for
metabolic needs. The resplratory loss of heat Is somewhat offset by the
work of breathing. the net amount of evapcratlive heat loss from each of

the trunk core ccompartments Is taken to be one-fourth of the difference
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between the total resplratory heat loss and the total heat generation

due to respiratlion.

Net heat flow Into or from each compartment Is then calculated. The
skin compartment in each segment ioses, through conduction to the wet
sult, an amount of heat ¢qual to the heat transfer coefficlent multiplied
by the temperature difference between the skin and wet suit compartments.
Slnce a diver does not rgce!ve soiar heat Input and does not transfer
radiant heat to his surroundings, the environmental heat transfer coefficlents
used by Stolwijk (1970) have been replaced by convective-conductive heat
transfer coefficients between the wet sult and ambient water. The water-
neoprenes skin surface heat transfer coefficlent is depandent upon the
geometrical shape of the body segment; the amblent temperature and pressure;
the viscosity, thermal conductlvity, heat capacity and density of the

surrounding water; and the water velocity relative to the body segment.

Little modification was necessary to the physlcal system of Montgomery's
model since it already had provislions for an additional! layer between the
skin and environment. Inltlal modiflcations were dlirected toward increasing
the flexiblility of device modeling to allow simulation of other than full
body suits. In add!tlon, modifications suggested by Montgomery (personal
communications) were implemented to simulate Immersion of the body with
the head and neck (modeled as a single segment) exposed to alr. These

changes were made in the WETMAN subroutine of the model computer code.

Typical Results with Montgomery's Model

Runs were made to simulate several of the devices included in the cold
Immersion test described in Part | of thls report, Harnett et al. (i979).
The results of one series of these simulations Is shown In Flgure 111-6.
The article modeled (WP3) was a Jacket-type device providing protection
basically to the trunk and arms. The figure presents the simulation results,
for a man 172 cm tall weighing 74.4 kg, and the experimental observatlions

for five volunteeis testling this device.

Conslderable varlatlon In response !s exhibited by the flve experimental
observations, largely due to somatotype differences among the subjects. None
of the indlvidual responses Is represented well by the modei results. The
model's metabollc control subsystem initlally falls to recognize the heat
drain caused by the ccld Immersion. Thls results In a too slow increase

In the rate of thermogenesis and a rapld cooling shortly after Immerslion.
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When the metabolic controiler does recognlize the loss It elevates the
metabolic rate by large steps to compensate for the decline in average

*
skin and head core temperature. The result is a complate stabllizatlion of

core temperature.

Montgomery's Metabolic Rate Controller

The controller for metabollc rate formulated by Stolwijk and used by
Montgomery calculates changes In metabo!ic rate based upon the following

formulation.

AMR = C .(AT  + R .T7)+C .( AT +R . T°) +
c c c ¢ s s s s

C '(ATC + Rc 'Tc ) '(ATs + Rs' Ts )
where AMR = change In metabolic rate

C,C,C, R and R are welghting factors
c’' s c s

ATC = deviation of head core temparature from a
set polnt value

Té = rate of change of head core temperature

ATS = deviation of average skin temperature from a
set polnt value

T; = rate of change of average skin temperature

The welghting factors (constants) are definad as follows.

R =0
[
Rs = 0.03
cC =0
[
Cs = 0
cC = 21.0

The definitions of Cc' Cs and C were used by Stolwljk based upon the experi-
mantal evidence of Benzinger, et al. (1963). With these definitlons the

metabolic rate controller simplifles to the followlng.

AMR = 2] -ATC -(ATs + 0.03 Ts )

*Average skin temperature |s deflined as the average of the outer surface temperatures
of each compartment, weighted by thelir proportional amounts of surface.

21




R R

This simplified model Is completely Insensitive to the rate of
head core cooling and Is not particularly sensitlive to.tha rate of skin
cooling. The mode! s largely based on the amounts of cooling In these
two temperatures and places assentlally equal emphas!s on the two.
Inftlally, there will be & rapld decrease In aversge skin temperature
but very little change in core temparature. This Implles that the product
In the above equatlon will be small, resulting In small Increases In the
metabollc rate, until thdre has been a signiflcant decrease In head core

temperature,

This helps explain the behavior of the model as deplcted in Figure
11i-6. 1t Is obvious then that there Is considerable room for {mprovenent
In modeling metabolic control. While not Included In the scope of this
project, the development of a new controller was suen to be essential to
a positive finding that & model can serve the purpose addressead in this

study.

The validity of Montgomery's (Stolwijk's) metabolic controller for
certaln conditions (e.g., a nude man In cold alr) has been thown by many
people Including Stolwijk. It was, as stated above, based on experimental
data. It was declided, therefore, to formulate a new controliler for the
Immarsion environment based on the data collected In the human Immersion

portion of thls study sumnarized in Part | of thls report.

Improved Metabollc Controllers

Relevant data avallable included rectal temperaiurc at |5 cm, skin
temperatures at the toe, thigh, forearm, bicep, groln and subscapular sites
and perlodic measurements of metabollc rate. The procedure used tc develep
the controller was to establish,through regression analysis, |lnear models
relating changes In metabollc rate to changes In the rectal arnd skin tempera-
tures. The basls of comparison for determining these changes werc measurements

made following a 30-minute rest perlod prlor to commencling cold Immerslion.

The inltial attempt was based upon regression analysis appllied to the
pooled sample of observations obtained In the laboratory. When the resulting
metabollc controller was Implemented In Montgomery's model, falr predlictlions
of cooling rates resulted for most of the wet-mode sults but the predictlons

for the abandun-ship type dry sults were much worse.

The experimental data was then segregated In two subsets -- one cbtyined

during Immersion In 11.8°C water with wet-mode sults and one obta!ned during
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immar~ton In 1.7°C water with dry-mode sults. These dsta suts wara
analyzed separately to produce a matabollc controller for each condition.
For the wat-mode sults the following model was obtalned.

AMR = 7,004 - 5,822 -ATth - 2.ho7 -ATf - 37.382 'ATr

where ATth = change In thigh temperature

AT = changas In forearm tamparatirs

f

ATr = changs In rectal temparature

This mode! had a corielation coefficlent (R- value) of 0.77. The
accuracy with which raegressinn relations zonform to tha data !s often

; expressed by '"F test statistlcs'. The signliflicance of these statistics

é may be Interpreted by the "leval of significance' at which tha hypothesls

: (that the observations follow the modsl) mev be rejected. Small levals of

E significance Indicate that the regression conforms wall to the observations.

The "level of signiflcance' for thils regresslon was 0,001,

The control model obtalned from regression analysis of the data obtained

with the dry-moda sults Is the followling.

aMR = 1,987 - 2,654 -ATt - h.535 ~ATth -
5.361 - 4T, - 8.920 . AT
where AT = change In toe temperature

ATb w change In blicep temperature

other symbols as praviously defined

This mcdel had a corralation coefficiant of .85 and a '"leve! of s!gnificance"
of .0001.

Trese two relationships ware impismenteda In the Montgomery wode!.
It was necessary to accept some approxinationsin marrylng the list of
variables requirad by the controllers with those avallable In Montgomery's

model. The varlables were matched as foliows.
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Controilar Yarlable Mode! Varlable

Toe temperature Average foot temperature
Thigh temperature Average leg temperature

Blcep temperature Average arm temperature

Rectal temperaturs Trunk core temperature

These approximatlions are unavoldable because of the simplificatlions in-
volved In model ing the physical structure of the body In Montgomery's
model .

Model Validatlon

The fquestion of model validity Is dependent upon the use to which
the model is to be put. The obJective In this case Is to use the model
rather than human experimentation as the basis to estlmate the survlval
tima associated with new developments In protection equlipment. |If one
accapts the survival time model and predlction procedure presented In
Part !, then all that Is required of the model! s a prediction of core
cooling rate which may than be used to estimate survival time. Thls would
relieve the need to he particularly concerned with absolute temperatures
predicted by tha modal for varlous body s!tes or transient aspects of
thelr profiles.

Based on thls method for estimating survival tima, model validlty
may be determined by establishing the accuracy of Its predictions of
the rate of core cooling. This may be done by performing statistical
tests comparling the rates cbserved with the volunteer test subjects
(Part | of this report) to corresponding rates nredicted for them by the
model. This data Is naturally "palred'" and so lends Itsalf to palred
analysis as & means of varlance reductlon. Thae "paired t test'' descrlbed
by Steel and Torrie (1960) was used for this purpose. The procedure is
Ilustrated below. The test was run at the 0.05 level of signlficance with
a two-talled rejection reglon.

Null Hypothesls {Ho): Therea [s no difference between mean

simuiated and mean experimentally
observed coollng rates
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Predicted Cogling Rate(°C/hr) Deviation (d)
Subject Simulation Experimental JSImulatlon -Experimental
MK 1.037 2.510 -1.473
GE 1.h72 1.800 -0.328
TP 1.100 0.556 0.5h4
BH .697 0.391 0.39
PK 624 0.zh4 0.376
1d? = 2.808 £d = 0.575 h =5 (No. of palrs)
d=d/n=0.115
! 2

s« pd? -'ﬂ%d) - 0.137
d nin-1

Sa = 0.367

t-test statistic = E/Sa = 0.310

Critical value of t at 0.05 level of signiflcance with
L degrees of freedom = 2,776

Since the calculated statistlic Is !ess than the critical
value we cannot reject Ho’

A csummary of thase tests for each of the devices Included in the cold
immersion testing, except for the PFD is presented In Tahle !11-2. From

the table we cbserve that the model performed well for aill of the wet-mode

sults.

Those sults for which we must reject the hypothesis of samensss between
mode! and observed averaye coolling rates are largely the abandon-ship sults.
Reference to Figure I-1 In Part | of this report will help explain the models
faliure. The mcdel ''sees' ail simulated Immersions with the subject com-
pietely underwater from the neck down. As can be easlly obsarved from the
plctures of the flotatior attltudes of these sults In Flgura I-1, much of
the upper surface areas covering the legs, arms and trunk of eachk of these
sults Is expesed to alr. The heat transfei coefficlent for &ir ls much lecs
than that of water. One would therefnra expect the cooling rates predicted

by the model for these devices to be greater than that observed In the
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TABLE 111-2
RESULTS OF PAIRED t TEST
WITH REGRESSION-BASED CONTROLLERS

4
Calculated |Criclical Degrees jAccept or

TEST ARTICLES Statlstlc JValue @ of Reject
0.05 Level |Freedom

A

Bayley Exposure Sult (PVC foam) 5.367 2.776 4 Reject
Bayley WeatherMate Plus 1.599 2.776 § Accept
Helly-Kansen Survival Sul¢ (D-600-9) 4,789 2.571 5 Reject
Herderson Zip-On Expostre Suit (2080-4) 5.237 2.776 b Reject
Henderson Prototype Jacket 1.180 2.776 4 Reject
ILC Industries Prototyne Survival Sult 0.387 2.776 4 Accept
Medallst Ski Shorty (7010) 8.172 2.776 4 Reject
Mustang U-ViC Thermofloat (1661) 0.009 2.776 h Accept
NADC Goretex Experimental Coverall 9.162 2.571 5 Reject
Dr. 3. B. Rentsch's Prototype Survival Sult

(without respliratory heat reclamatlion) 1.289 2.776 b Accept
S.1.D.E.P. Seastep Survival Sult 15.931 2.776 b Reject
Stearns Windjammer Jacket (FJ-55) 0.416 2.776 b Accept
Stearns Offshore Survival Jacket (FS-500) 1.823 2.571 5 Accept
Stearns Heavy-Duty Cffshore Survival

Sult (F5-71) 6.068 2.776 4 Reject
U.5. Alr Force Mcdifled Antl-Exposure

Assembly (CWU-21/AP) 2.187 2.776 b Accept
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experimentation, as Is the case.

The Stearns Heavy-Duty Offshore Survival Suit and the Henderson Zlp-0On
Exposure Suit falled to pass the test. Reference to Figure |-| shows the
same type of flotatlon attltude for these sults as for the abandon-ship
suits. In addition to the above-stated reason, the Inadequacy of the
controller may he contributory to thelr fallure.

Model results for two additional sults falled the palred t test. In
both cases the model-predicted coollng rate was faster than that observed
from our testing. Again reference tu Flgure I~ shows that both of these
devices were tested with the subjecis wearing a 'water wings' type flotatlon
device which exposed a slgnlficant amount of the trunk to the alr. Additionaily,
the flotation device allowed the subjects to keep thelr arms and hands out
of the water. Thus a faster predicted cooling rate from the model seems

very reasonable.

Three sults passed the test which, by the above arguments, should have
falled, the ILC prototype, Dr. Rentsch's prototype and the U. S. Alr Force's
CWU-21/AP. All three of these had simulation predicted cooling rates slower
than we expected, For the [LC and Or. Rentsch's prototypes this Is most
nrobably due to error in the estimation of their thermal conductivitles.

The estimated conductivitlies are, therefore, probably smaller than the
reality. Thus while the model saw a completely submerged suit, it also
saw a thermal resistance probably larger tkan veality. The combination of

these two ‘'errors'' acted to cancel each other.

The average of the observed cooling rates was higher than the average
of the mode! predictions for the CWU-21/AP. This sult, while ostenslibly
a dry suit, was observed to leak durlng testing, as noted In Part | and
In Chapter 3 of this part of this report. Slnce the only thermal protection
was the thin dry shell and arimld underwear, It is reasonable to assume
that the major portion of the thermal protection offered by the underwear
was lost when It became wet. Thus the modcel may have expected more thermal

resistance than probably existed In the exparimentation.

If one 's concerned only with the predicticn of cooling rates, the
model, when 4sed on sults that do not expose & (reat deal of body/device

surface to alr, appears acceptable. Overali, c>oling rates predicted by
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the model are faster than observed. Thus, in genera! the cooling rate
obtained by simulation will lead to conservative estimates of survival
time when used with tha survival~time prediction mode! presented In
Part | of this report.

The fallure cf the mode! lles In Its inabillty to accurately predict
time traces of body temperatures. Flgure |!1-7 shows a plot of rectal
temperature as & functioq of time for twce subjects wearing the U-VIC
Thermofloat. The solid lines are plots from experimental data. Broken
lines show the results obtalned when the physical parametars of the two
subjects wera put Into the model. Twec !mportant observatlons may be made.
First, there Is a complete absence In the sImulation results of any Initlal
rise In rectal temperature. Second, the average slopes of the obsaerved
and simulated rectal temperature traces (from maximai temperature to last
observation) are very nearly equal. In fact, If the model traces are
displaced to the rightto colnclde with the return of the experimental trace
to entering temperature, the simulated and observed traces correspond very
well. Since the siopes are approximately the same, the predicted cooling
rates will be very simiiar., Thus the model was able to pass the palred
t test even though the predicted and observed ractal temperature behaviors

varied notably.

Tuning the Metaboiic Controllers

As noted In Part |, for two of the human immersion tests we had the
use of a Waters continuous reading oxygen consumption meter computer
(MRM=1). The time profiles of metaboilc rate observed using thls device
are seen in Figures I-4 and (-5 In Part |. It may be seen that Immedfately
upon Immersion the metabollic rate Jumps by about 40 kcal/hr above a resting
rate of approximately 70 kcal/hr. Since even the revised metabo!lc control
models dld not show this Immedlate Increase, an experimental contro!ler was
constructed which Included it as &« censtant. The resulting experimental

controller for the wet-mode devices Is the following.

AMR = 40 + 1.237 - 5.339 'ATth - ‘0.5‘07'ATf

The last three terms of this experssion were obtained by regression and had
an R-value of .69 and a level of significance of .0h. For dry-mode sults
tested In 1.7°C water, the 40 kcal/hr constant was added to the regresslion
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equatlions determined above for these sults,

Figure 111-8, shows the profile of change In rectal temparature for
two subjects wearing the U-VIC Thermofloat. The observations are shown
as solld lines while the simulation results are represented by the broken
lines. The agreement bastween observation and simulation !s much Improved
over that deplcted In Flgure |11-7 for the modifled controller based solely

on regression.

Table 111-3 presents the results of palred ¢ test carrled out between
the simulation predicted coolling rates using these experimental controilers
and those observed experimentally. The results are much the same as those
presented for the modifled controllers In Table i11-2., The notable changes
are the ILC prototype and Rentsch's prototype which fall now, exhibliting
slower predicted than observed cooling rates as would be expected with a
higher average metabollc rate. The Increase in metabolic rate also helped
the S.1.D.E.P. Seastep and Stearns Heavy-Duty Offshore Survival sults to
pass the test., Overall, while these controllers are not as flirmly supported

by experimentation, the results are subjectively more satisfying.

Figure |11-8 presents the profllies of three skin temperatures pre-
dicted by the model for an 'average'' man, as described in Part | of thls
report, versus the average results obtained experimentally. The experi-
mental points are bracketed by one standard deviation. The profiles show
only the first fifty minutes of the Immersions. This Is necessitated by the

removal of one of the subjects at that tlme.

The profile of leg temperature predicted by the model, as shown In
Figure 111-8(a), 1les outslide of the bounds of the experimental data. However,
the temperature plotted for the model is an average leg temperature while
that plotted from experimental data Is a thigh tamperature. One would cer-

tainly expect an average leg temperature to be lower than a thigh temperature.

fhe profile of arm temperature Is shown in Figure I11-8(b). The
initial deviatlion Is due most probably to the rapld decrease In skin tempera-
tures when the protective device Initlally floods with water. The model
does not see thls flooding and the simulated temperatures drop more slowly.
In the model heat must be lost through the simulated device to the water.
The frequent movement of the subjects (e.g., shivering) during the Immersion

helps to maintaln some continual flushing. Thus the average arm temperature

from the model would be expected to be somewhat warmer than that observed.
30
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TABLE

Hi-3

RESULTS OF PAIRED t TEST
WITH EXPERIMENTAL REGRESS!ON-BASED COMTROLLERS

CalculatedCritlical Degrees |Accept or
TEST ARTICLES Statistic {Value € of Reject
0.05 Level {Freedom

Baylay Exposure Sult (PVC foam) 4,088 2.776 L Reject
Bayley WeatherMate Plus 2.03 2.776 L Accept
Helly-Hansen Survival Suit (D-600-0) 2.926 2.57! 5 Reject
Henderson 2ip-On Exposure Sult (2080-&) L.552 2.776 4 Reject
Handerson Prototype Jacket 0.945 2,776 4 Accept
ILC Industrles Prototype Survival Sult 4,750 2.776 4 Reject
Medallst Skl Shorty (7010) with Flight Sule 3.143 2.776 4 Reject
Mustang U-VIC Thermofloat (1661) 0.310 2.776 4 Accept
NADC Goretex Experimental Coverall 4,369 2.571 5 Reject
Dr. S. B. Rentsch's Protoiype Survival Sult | {4.609 2.776 b Reject

(without respliratory heat reclamatinn)
S.1.D.E.P. Seastep Survival Sult 2.597 2.776 b Accept
Stearns Windjammer Jacket (FJ-55) 1.170 2.776 4 Accept
Stearns Offshore Survival Jacket (FS-500) 1.178 2.571 5 Accept
Stearns Heavy-Duty Offshore Survival

sult (FS-71) 1.706 2.776 4 Accept
U.S. Alr Force Modiflied Anti-Exposure

Assembly (CWU-21/AP) 1.323 2.776 b Accept
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DEVIATION OF LEG TEMPERATURE FROM BASAL{*C

DEVIATION OF ARM TEMPERATURE FROM BASAL (°C)

4
0 FIGURE 111-8{a)
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DEVIATION OF TRUNK TEMPERATURE FROM BASAL (°C)

FIGURE 111-8(c)
TRUNK TEMPERATURE PROFILES
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Figure 111-8(c) shows the relationship between mode! predicted and
observed temperatures for the trunk. Experimentally the trunk temperature
was taken to be that monitored at the subscapular site. Agaln ar inltial
deviation may be seen which is easlly attributed to Initlal flooding of
the sult. In the long run the experimental profile is at a slightly higher
temperature leve! than the simulated one. The simulated data is for the

average trunk temperature which might reasonably be expected tu be cooler
than the subscapular slte.
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5.0 CONCLUSIONS AND RECOMMENDAT |CNS

R it .

The potential usefulness of a simulation model for evaluatlcn of an

e e
T wacd | A

Immersion protective device Is without guastion. In addition to eliminating
the risk assocliated with human exparimentation, thare sce acoromlc¢ advan-~
tages in conducting evaluations by simulatlon rather than by humen sxperl-
mentatlon, Furthermore, simuiation »f an imuersion may be accomp!ished

In a short time. The co&puter rasources rayuired by thi: model! are small,
most will run In undar one minute of CPU tima on an |BM 5033 anu use less

than 256k of core. The cost of & typleal run made with Montgomary's nodel

in this study was approx!mately $7.80. Obviousiy th's Is a much more
economlcal approach than direct human experimentation.

An additlonal advantage 'las In evaluation of new postuiated designs.
Currently, these designs must be fabricated and tested by human expari-
mentation. Using & simulatlon model one need not physizally construct the
prototype. Rather, one nesd only dascribe 1{ to the simulation model.
Obviously, this approach would greatly lncrwase *he number of prototype

devices whlch might ba exanined and the cost would he much reduced.

The modifled Montgomery modal, discussed In Chacter 4, represents a
good start toward a useful model. Ones may be reasonably confldent of
survival times calculaced vrom pradlcsed cooling rotes oeneratsd by thls

model. There Is, however, some room for Improvament. The najnr areas

Include: Improvement of the controller, more dotal) In the physiral mcdal
and improved methcdology for the daterminatlon of protective device thornal

propertiaes.

Tha most {mmealate need 15 for an Improved ccniroller. Review of the
f literature has shown that all control'ers presently In use were designed
3 from data collected In low rate of heat loss experimeni” K gereraliy nude

cold air Immersions, The valldation of modeis with these controllars has

e been accomplliched undar the seme conditions. There Is ro reason to expect

I

that a contivller thus devaloned wlll functior correctly under the condl-
E tions one uncounvers during cold warer Immersions (s.g., hlgh rates of
"3 heat loss).

3
e e

i i

o As has been demonstratad, Imprcved model performance may be obtalnad

T i LD

by using a controller daveloped Ffrom data collecied durlng cold water

E Immersions. The controllars Investigated In this study were all based on
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simple deviations nf temparatures s various body slites from pradescribaed
resting temperatures for those sltes. The bahavior of the model, using
a controller based solely on a linear regressfon of deviations In surface

temperaturas leaves much to b trled.

It was seen in Figure 111-7 that @ basic problem appears to be a
too slow start of the matabolle turnace. That Is, the simulated metabullic
rate di{d not Increase sufficlencly, compared to the rate of neat loss, untl!
a large rectyl tnmperatu?a drop occurs. This leads one to balleve that
controllers based on rate of heat loss, rate of change of varlous body slits
tempe.atu~es o whole or partial body haat flux may be required In urder
to obtaln improved accuracy In temperature prediction from the model.
One of the reasons Gorden's modal was chosen for Incluslon In this study
was because Its controller, unlike others, used whcle body heat flux In
dectsrmining deviation of metabollc rate from Its basal level. Unfortunately,
most of the exparimental work has been carrled out under low rate of hest
loss conditions. That work which has been performed under conditlions of
hlgh rates of heat loss has not been done with controller formulation in
mind. One finds that metabollc rates were not always taken or !f taken were
taken at long Intervals. Refarring to Flgure |-4 we observe a great deal

of fluxatlon in metabollc rate as a functlon of time.

Improved controllers can certalnly be developed with exlsting data.

More human Immersion work may need to be done contlinuously recording meta-
bolic and temperature data In order to formulate an accurate controller.

An attempt could then be made to correlate data coilected In thls fashion
with data from low rate of heat loss work In order to develop a contvoller

good for all inodeling deallng with condltions of haat loss.

As was dlscussed in Chapter 4, most of the sults which falled the paired

t test were belleved to fall, at lsast In part, because of the model's
inabllity to simulate the flotatlon attlitude cbhserved In the experimentation.
The Montgomery model assumes Immersion to the neck. Experimentally (Figure
I-1) 1t was often seen that much of the trunk, legs and arms was exposed

to alr. Obviously, the model should and did predict higher than obrerved
coolling rates. Therefore, to be applicabie to the evaluation of suits of
this type (basically abandon-ship sults) the mode! 3hould be mod!fied.

An additional problem encountered with Montgomery's model wss the
inability to properly describe some of the suits. The mede! rapreserts

37
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the human body s composesd of a complete baad and trunk, complate arms,
hands, lags and faec. Thare Is no wey tu dlstingulish batwsen thorax uani
abdoman, uppair and Tower arm ur unpar and lowar legs. As a conssguence,
protect lve devicas which only part'ally covered the extremitles were
modeled ss noy covaring them at all (devices such ms thes Medallst Skl
Shorty and U=ViC rhermotioat).

it |Is certalnly possibla to modal this structure In rore detall. As,
for exumpla, Gordon's model does. This affords sne the cavnabllity to

more accurately daser'be the physlcal structure or the davice 0 be
evaluatad. One wou'd sxpect Chis tn lead to much mora -ellable predlcticns
from the model.

No mode! thus far reviewed has thue detai! In the phvs'cal svstem Lo

el low adequate description of fioteaticr attltudc., The Inadiilvy Is Inlecrent
In the modelling phllosophy adapted hy a'. asuthors. Spaciflcelly, esch

body elemunt has bean modalad wf w!ther a cylindar or a sphere. In order

to Jarlve tie differential equatlons dnscribing heat zonductlon within
=zylindrical body alements, a stmplifylng as.ymotiny has been made: all

hep transfer is radis. and unlform, To mode)] an element partially expcced
te alr would nesecsitats conslideratliorn of (onglitudinegl heat transte:. The
cartvation of mode! equations 'acluding this considerszion would not be
e&sy.

Tha changes necessary to glve nropar consideration to fiztution
attitude in the mocel may not be nacessary. e havs seen that parts of

the lags, arms and trunk are exposed to alr for somw soiess (Flgure 1-1}.

In rough sea or othes upan water cond!tions the continue! washing of water
over surfaces expoted tu the alr should raesuiv In & rat: of heat lcss very
simlrar to that wilch wonld occir !¥ the surfiace was continaally coverod by
wate~. Unlder this assumptlon, tha modai's prediction of cuvolling race ray
be very much in i'ne wi*h reallty for these cypes of protsctior devices.

No .nethod has heen Irziuded in the mod!ffad Montgomervy model For shiu-
1ating flushing In wet-mode svits. Flushing Is bellave to do two things.
Flrst, It pariudl-ally places a 1arge amount of cold wator hetween sult

and sxin thus causiao a raplid heat 'oss. Second, the water s&cts as sdditlional
insulation, once warmed, hatwaer thc subject and his environment. Littls

{s known of the dyramics of tlushing and no ettempt was nada tc Inciude its
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wfvacts In these simulations. [|n extremely rough water, flushing may
play a signitican: role !'n Increasing the rate of heat lois.

Filrally. as was polnted cut In Chapter 3, a morea accurste, repsatable
methaxi for detarmining device conductivity should be developed. The
mathod suguested tn Lhapter 3 has Leen sean to work well. |t provides a
direct measure of conductivity obtalrned by testing the Jovices In the
wet. ‘lesting the matarlals under dry conditluns s not recommended as
many devices contaln In thelr composition porous materlals whose thermal

propaveies are dlfferent In water than In alr.

thile may refinements may and should be made to Montgomery's model,
Its abliity to puss a significant number of the paired t tests Indicates
its potentlal usefulness for predicting coolling rates and thus survival
times. The model ceuld, with the present mod!fled controller, perhaps
be used In screening devices prior vo In vive tests. In the long term,
a medified model with !mproved ohysical definltion of tke body, provisions
for simulating flushing and & more accurate controller wouid be very useful
in the sult design and evaluation process. The physical system modificetion
can be accompiished easily. The modiflcatlon of the controller may require

additional human experimentatior.
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APPENDIX A

THE WINTON MODEL

(MODIFIED)




varlables of the model.

®

MAJOR VARIABLES OF THE WINTON MODEL

This model! is coded In CSMP, a FORTRAN-based ,generallzed cont!nuous-
systems simulation language. The listing Includes data raquired to
simulate a '"'"normal' man deflinad as 180.4 cm In haight and welghing 73.4 kg
with a surface area of 1.831 mz. The model Is set up to simulate Immersion
in a full body sult with thermal conductivity of 0.499 kcal/hr .m . “C and
& thickness of 0.00631 m (I/4 In.). The following table ldentifiad the major

GA Conductance of environment
Gw Conductance of protective device
TE Environmental temperaturs

Symboi Definition Units
TC Temperature of the core °c
W Temperature of the water °c
TS Temperature of skin °C
SKDEL Deviation of skin temperature from set point °C

' HE Evaporative heat loss cal/sec
HW Heat produced by the protective device

(If applicable) cal/sec

cal/sec-°C
cal/sec-°C
°C

A program listing follows with Input data and output. The model
Is set-up to simulate a protective dsvice 0.00631 m thick with a conductlivity

of 0.0499.
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LABEL THERMOREGULATION MODEL

# TilS RUN TESTS WATER IMMERSION RESPONSE OF MOCEL

* THERMAL ANALOG oF +ODY

TC=INTOGRL (ICTC,=(GV/CCIX(TIC~TS) ¢ (HC/CC))

TSZINTGRL (ICTS,»=(GV/CSIN{LTS~TC)-(GW/CS)Iw(TS~TW)~ (HW/CS))
TW=INTORL CLCTW,=(GW/CWI R (TW-TS) ~{(GA/CHI*(TU-TE)~ (HE/CW)+(HW/CW})
* FEEDRACK STRUCTURE

CLIM=COMFAR (33.0,75)

SKDEL=75-33.0

W=l ENDLAG(I400,,20C. ,SKDEL)

SKINFB=SGAIN*WaSL IM

COREFB=CGAIN®T(

TRA=TREF-SCINFB

ERROR=TRA-COREFB

* CONTROLLER FUNCTIONS

GV=AFGENC(CURVEZ-ERROR)

HSA=AFGEN(CURVE3,ERROR)

HC=HSH

LBT=DERYUG(3 ,4000.)

DB2=DERIG (3 , 6400, )

DRI=SFBUG(E ,170:00 )

* THIS CIRCUIT PROVIDES A STEP CHANGE IN TE AT 1R[C0 SEC
Y=STEP(1=7).)

TE:FCNSi-‘l(YI‘_‘?.I-S?QI‘,.h)

* DATA VALUES

* JNITS TIME IN SEC, TEMP IN DEG Co H IN CAL/ZSEC, C IN CAL/DEG C
* YNTTS G,€<sR IN CAL/SEC-DLG Cp» S IN DEG C/M%M HG, V IN M/SEC
INCOMN TCTC=37.N0,1CT8=33.1,1CTw=33.]

PAR MM CC=S80GLN. 0, (5=2700.0,0=535.10

FARAM SGAIN=0.0295,CGAIN=T.),TREF=37 .1

FARAM hHe=0,.C,HW=0.0,6A=13.0,0GW=15.23

AFSEN CUKRVEZ=(~1000.¢3%.+,-.5+5%5.+,0.+5.,1200.,5.)

AFGEYN CURVE3ZI=(=10104,18.,.0,18.,1.4,.10D.,1000,,100.)
MEYTHGD RKS

TIMER DFLT=0G.1,FINTIM=90)0.0,PRDEL=3C0.0,0UTDFL=100.0
PRTPLT TE(32.,42.,TC,TS5,TW)

FRTELT TF(32.,42.,HC,HE)

END

sTOP

OUTPUT VARIARLE SEQUFNCE

SKDEL 221706 W SLIm SKINFE TRA COREFB EFRRIR GV HSH
He 11301 7¢ 22113 18 Y TE 221J95 Tw 171047
PR1 ore pes

A-2




BLOCK DATA

COMMON/ZZFDAT/F(
1 /22HIST/KEEP,NALARML,IZ0DTC,IZQ00C0T1,H(
40)

2 /TZ18T0/71¢(

COMMON/ZZFPOIN/NP(16)

INTEGER NF/
1 53,

REAL*K ST/

53,

1,*TINMIDELTY®,

4,

78)

1%,

COMMON/22SYMB/ST1C 40)

40,

15«

15)

37, 39.

0,

1.

ZZDELT ', "DELMINZZ *,"DELNFINT ', "I ™22FINY
1¢*PRDEOQUTD ,*ELZZOUTD"» "D ELMAXZZ '»"DELXTC
110072210 01221003, 21005212, 10061CTC?

1,1009CC ',*' (CGAIN
1.° S5A1',°'N TREF
1.'3 ERRO', 'R GV
1, TRA *,°* w

17

END

* TS
' JCTS
°* GW

'L SKINFB

’
-

YLECS Cd 'y GA ‘e
r'CURVEZCU "» "R VESCORE ', *FBDR1
s *HC HS *» °H SKDE ',

Y '

54,

4/

v %" % 5 8% %

'TIME
'PRDEL
T

Y ICTA
' KE
'pB?
'SLIMm

54

!
2!
!
!
Hat
03
p?
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SUBROUTINE UPDATE
COMMON TIVE
1,22CG0C0,DELT  »ZIDELTDELMINLZIDELNAFINYIMAZ2FINT,PRDEL »27PROE

1,0UTDELAZZ0UTD,DELMAXL,ZID ELX,TC PR s TH PZ2V10T7, 721500
1,721C03,221005,2210N4A,10TC eICTS fICTW  L,2721079,CC e CGAIN
1,CS s CV s GA GV sHE r HW #SGAIN TREF fCURVE?
1oCURVE3I,COREFB, DO +CR2 #DDB3 +ERROR »GV +HC +HSH
1,SKDEL ,SKINFB,SLINM +TE ¢ TRA s Y

COMMON/Z ZHIST/KLEP,NALARM,LIZ200N0,12N001

REAL 1¢TC

1,ICTS ,1(TW
REAL*K 2 ZTIME
EQUIVALENCEC(ZZTIMELTIME )
GO TO0(39995,39996,39997,39998),12008(C
c SYSTEM SEGMENT O+ MODEL
39995 CONT INUE
G0 TO 399979
C INITIAL SEGMENT OF MODEL
39096 CONTINUE
50 YO 399%9
C DYNAMIC SEGMENT OF MODEL
39997 CONTINUE
SKDEL=TS-33.0D
27170 é=(SKDEL-7221%N0T7)/200.
W=14C0.%2710064221007
SLIM=COMP AR(33.(,TS)
SKINFB=SSATNAW* SLTA
TRA=TREF -SKINFR
COREFB=CRAINATC
ERROR=TRA -COREFD

SV=AFGEN( 1,CURVE2 ,ER FOR)
HSH=AFGEN ( 6,.CURVE3,Z RRUR)
HC=H SH
2211051 2=(GV/CCIS(TC-TSHI+ (WL /CCH
C TC =INTORL (1CT¢ £221001 )
21103 = (GV/CSIA(TE=TC) =(GW/LS)A(TS-TWI-(HW/CS)
C TS =INTGRL (1CTs 221703 )
Y=STEF( T4,1803.0)
TE=FONSA(Y,37.,37.+,1.8)
27%1.758 T {GW/CA)I A (TW=TS)Y“KGA/Cn ) *x(TW=TE)~(HE/CWI+(HL/CW)
C T =INTGRL (1CTW PR & BT )
C 21Y507 SINTEARL {2 27009 £ 27110706 )
DB1=DFBUG ( 11.3,47000)
DRZ=D<BUG( 12-3,64000)
pR3I=DERUS ( 13,3,170,)

GO TO 39099
€ TEKMINAL SEGMENT OF MOLFL
319998 CONT INUE
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APPENDIX B

THE GORDON MODEL

(UNMODIFIED)




This model |s coded In standard FORTRAN and has been run on an
IBM 370/168 and an IBM 3032. Run time on the IBM 3033 Is about two
CPU minutes for a simulated experiment of three hours length. As stated
in the body of this report, the mode! never performed properly. The
only modificatlon appearing In the listing was made for ease of Implemen-

tation. The following table lists the major varlables of the model.

MAJOR VARIABLES OF THE GORDON MGDEL

Symbol Pefinitlion Dimension
¢ (N) Heat capacltance of compartment N keal . °¢”!
T (N) Temperature of N °c
F (N) Rate of change of temparature in N °oc .y
HF (N) Rate of heat flow into or from N keal . h™!
TC (N) Thermal conductance between N and N + | keal . b7l . o¢”!
TD (N) Conductive h=at transfer between N and N+I keal . b7
Q8 (N) Basal metabollc heat productlion In N kcal . h '
Q (N) Total metabolic heat production in N keal . h™'
EB (N) Basal evaporative heat loss frecm N kcal . h!
E (N) Total evaporatlve heat loss from N kcal . h™!
BFB (N) Basal effective blood flow to N . b7
BF (N) Total effective blood flow to N 1!
BC (N) Convectlve heat transfer between central -
blood and N kcal . h
HC (1) Convective and conductive heat transfer -2 - -1
coefficlent for Sagment | kcal! . m“~ ., h °C
s (1) Surface area of Segment | m?
HR (1) Radlant heat transfer coeff. for Segment | kcal . m-z. h-' . "C_i
H (1) Total environmental heat transfer coeff. - -1
for Segment | kcal . h . °C
v Alr velocity m . sec-'
TAIR Effective environmental temperature °C
P RH Relative humidity In environment
Ei{: 3 TIHE Elapsed time h
y = » PAIR Vapor pressure In envlronment mm Hg
i; o ITIME Elapsed time mln
P INY Interval between outputs min
B~

i ga e patasd




Symbol
0T

p (1
“MAX (1)

WORK
PSKIN (1)
TSET (N)
ERRAR (N)
RATE N)
coLE (N)
WARM {N)
coLDS
WARMS
SWEAT
CHILL
DILAT
STRiC
SKINR (1)
SKINS (1)

SKINY (1)
SKINC (1)
MWORK (1)
MCHIL (1)

CSw
SSW
COIL
ShitL
CCON
SCON
CCHIL
SCHIL
PSuW

Dafinltion
integration ctap
Vanor pressure table from § =~ 50°C

Calc, max. rate of evaporative heat loss
fiom Sagmant |

Total metabollic rate required by uxercise
Saturatad watar vapor pressure at skin temp.
"Sat point' or referenca polnt fo¢ racsptors
Output trom thermcreceptors ln compartment N
Dynam!c sansitivity of thermoreceptors in N
Jutput from cold receptors In N

Cutput frot warm recaptors In N

'nteqgrated output from skln cold recepiors
'ntegrated output from skin warm receptors
Total efferent sweat commaprd

Total effereant shivorlng comnand

Tota! effarunt 3kin vasodllatatlon command
Total effarent skin vasoconstrictlon command
Fraction of all skin receptors In Seguwent |

Fractlon of sweatling command ppllicable to
skin of Segmant |

Freetlon of vasodilatatlion coomana appllcable

to skin of Seqgment |

Fractlon of vasoconstrictlon command appllcable

to skia of Segment |

traction of tote! work dene by muscles In
Segmnent |

Fractlon of total shiverling czeurring In nusclas

of Sagment |
Sweacing from head cure
Swratling from skin
vasodilatation (rom head cora
Vasodiistaticn from skin
Vasoconstriction from head core
Vasoconstriction from skin
Snlvering from head core
Shivaring from skin

Sweating from skir and head cors

8-2

D!megslon
h
o Hg

Koal . h-!

kcal . b
mm Hg

°C

‘C

h

°C

°C

°C

°C

kcal. h~

vcal. h
-

z ZT 2=




: '.. oy ng—- B N

PDIL
PCON
PCHIL
BULL

Sxmbol

Definltion
Vasodilatation from skin and head core
Vasoconstriction from skin and head cors
Shivering from skin and head core

Factor detaermining temparature
sensltivity of sweat gland response

2-3
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I ™YY Yy Py

e B Fe SRATOM IR EU S LSS AU s

P IS IR SI SR SIS EMIS LIS IS TS EESIA-ES SIS I SEPESES TS RSLS L4 R
-

<> ~

> * - * * <>
<> kAN * A " A% * <>
<> L 2 * * * P <>
<> * * I REET] * w <>
<> * " - » » <>
<> <>

EIADLOLICILIMDELIIDEILCICICILLILDICOLILL IDLDEICICI LI NED

IMPLEICTY REALXB(A-4,0>7)

PIMENSTION SOUYCINDNLT12), 10U N, 1) ,IRINCIO) I (Y0M)
RATLRL, 21D INOCIG) wGENLZL 1) 4V (7I4) LYY (34,210, FP5(34
R ePC(36 1Y) s IREBG ) SRUBL,2VIaVIBL,210) s VT (34,9 ,AC(T
*AYSRHD € 36,9) b0 (34097 AK (34, 0)e BMUS4L,20),CHET {34,904V
PER(Bu, D) TARCZA I LAC3L,20),9C36,20)0(304,2 M4 (24,27
Pa T {34, 2151006 ATVENCRA) LUA SAYVELR(RE) 0 a(1262,
* TNGRUZ4L,7V,EPT (34)-00C34,9) »,BFR(B4,92),TV(24 72,3383
*EY)COLD (RL) LFLUXT34) JERROP(IA) SSKINRC(IL) ,SKIMIL34),5
AKINVIZA) LS TIRC T4 pdDRUMBA) GCHIIMAOSA) LEB (G YLFSET(T
REY,PSKINCYAY sTO(NALPTI Yo DATE L G L TOUL DAY, TV (34} LEMAX
ALTLA) GANANEFCAS6L,B3)Y,TSK(B3LNV,INUCSG)FRIRM (XL, LF COLN(24)

COMMONZINV/BU/LUDNRADRILRIRILVIVIINTINTZILACTAC JLRHG /P K
*O/LC/C/UAK/AK/LTIMIBA/LCHET/ CMETILYEE/VER/LTAR/TAR/LHA
ALD/RUIBSCRLITAFRF/COARIAICEAIBICODID/COE/ESLT/T/LID/INUNY
e lSPHER ANUMS a1 SSANOPLID/LTVE N YVEN/LUAZVAZLV ELB/VFLE
A/LIA/YA/LENGRZENGRALFBT /EBT/LAB/QB/LBFB/RFRAJLTIMNG/CO
Ky FTIME L FWRITE/LIVITV/LYOTITOTV . TOTALWARM /WA RM/LCOLD
*/COLOSLF/E/LERSORSFERROR/LSKINR/SKIDR/LSKINS/ SKINS/L S
SKIMV/ISK INV/LSKIMCZUXINC/LUORPKM/WORKM/L CHILMS CHYLM/LE
AB/FB/LHR/HRZLHC/HC/LPSK INAPSKINALTO/TO/LRAYE/RETF/LT
*OLD/YILD/LEE/TEZLEMANZEMAXZL JMU/ZIMUZLFLUXIFLUOX/STOL w
AXSTAIR ML AFH AWORKAFCMET ACTOIL D/ LNAMEZANAMT /LT SK/ISK/L
*ETOULZESH,SSWAPSWATMDIL,SDIL o PDILATCOM,STONLPCONL,CCHIL
*eSTHIL A PCHIL »RULL AL PCO/LOTEN/QTEN/LFSET/FSET/LFMA
ROM/ZEUARMILFCOLND/RCOLD/LATRL/OGTRHL/LSTOP/STONT T/LMUS/M
LIV

LOGICAL PSYFL

COLILCICDCI DI LICICIED LI CILILICOCOCICY OLCILHLCHD

<> <>
<> INPUT AND QUTPUT OF MODEL STZ2f+, MRTERIAL., AND <>
<> NODAL COMFIGURATILION, <>
<> <>

CDLILICICICIILEDADLILICILI IR LILILDELICIDCILP DI

DATA TIFELIZoVHADIQadT IDA/D D00GH,2.0.0,0,0.0,07
QEADLT L, 1XTT ST LISPHER,MUS

61 FCRMATU(FIL.7,815)
WRITE(I 31T IMSTLNUNATISPHER o MUS

31 FORMAT (1,720, *CXPERIMENT DURATIGN =',F10.7.,' MHOURS®

d/4T20, *TCTAL NURRIR OF CODY FLEMENTS EQUALS :'.I15//7720

A~}




SR

s

kil

sl aNeReNalele BN

i A AR A ki A2 . A DRl B d AR Y R S T e e e e seky

*LTOTAL NUMBER OF SPHIRICAL HLEMENTS EQUALS 1'+84%7/7720
G YEYTREMITIN , STARY WIVH RODY ELEMENT 2',157/)
FEAD(1 . X2)CTA(M) M= ,30)
32 FORMAYCGLD1E)D
READ (I 311 DIMY M= ~34)
T3 FULMAY (&19)
bo 25 M=1.,Nun
TFCIACM) (NE.C) NOF =N
e5 NONTIVUE
READ(T »62)CUAMM)Y (M=T1,14)
READCT L 133) (IMU(r) , M=%, 34)
133 FORMAT (1615)
RERD(Y L 35) COBNAMELCM, X)) K=zTs 30, M=21,34)
IS FORMAT (184a4)
WRITECT,Z4Y(H,TA(MIATDIMI,ANLNE (M) o ANAME(Y T) , ANAME (
ML, TYLUA MY L TMUL M o M1, 040

3o FURMSTY (T20, "FLEMENY  SYMPETPRICAL NODY?, 10X, " ANAT ",
*HTICAL CCHE (KCAL/RRILEC) MISCLE'/T22.'NO. ‘e
*'  ELEMENT DISTRIRUTICM NAWE COvFF',

1A DI CSTRIBUTION Y/ 340 T22,12,T32, 12,740,110 ,157:%A4, T
226,F5.2,T96,i41))

CO2CICILIKPILICICIILICICOLRIADEDLICICIDIELIED OO CD

<> <>
<> INPUT AND QUTFUT OF GEOMETRIC SIZES. DASAL BIHY <>
] PARAME YIRS, AND 30UNDRY TONDITIONS, <>
<> <>

L2 LOCICD 2O LICIUIDAOUICIOCIIDILIILICDI <. K2 LD DD

CALL SECMRG{(GLO »NUM,*2)
WRITE( 35, 66)

SO FORMAT ("1, T20,'6C(11* = CONVECTIVE H, T, FOEFF. (CAL",
*'/SQ.CM/HR/DFGC) ' /120, EFS = EMISSIVITYRSHARPE ~FA{TOP ',
®UUHDLIMIT20LRE03) = TUNPERATURE OF CONVELTIVE CWvi‘,
*TROMMENY (DFG CENTIGRADEI'/T20,'BC(4) = TF¥PERETURE *,
2P0F RADIATIVE ENVIROMNMEMT (DEG CENTIGRADE)D)*Z2 T2, °0C (Y,
**7) = INITIAL TEMPERATURE CHANGE PERMIGSIELE AT ERD ',
#'OF ITERATION (DEG CENTIGRADEYX ' //T 7, 'CLEMENT RCC1°,
*'1) FPS BC(3) Re(4) BC(7)")

DO 27 M=1,NOF
IFCASYFL(M): GO TO 27
REAL(IL,E6TIBU MM, 1T) L EPSIMILBCA, ) 00N ALY ,RC G1,7)

67 FORMATCALFIDN _ S,1x,¥1),.9}
WRITFCRL,E4)ANAME R s ) 2 ANAME (ML 2)L,ANMME (M, 3, L (ML 11), 7
PSS (M BCM,3), P CIM,L) R M, 7

64 FORMAY (1X,3Ac-1¥+SF10.%)

BC(M, 3 zBCtM,3)4273,.16
BC(M,4 ) 2BC{MLE) 273,16

20 CONTINUE
WRITFEY,5%)

6S FORMAAT (/7777 10,°RHO = DENSITY (GM/ACURLIC MY/ 710,20 =,
v SPECTIFIC KWTAY C(CAL/CMZEEG)Y Y7710, "2 = COMDUCTIVE H',
w? T, COETRICIENT C(CAL/UMMMHK/DELITSTIN,PLMEYT = AASAL °,
*PAETABOLESM (CAL/AUM /T 10,V = BASAL PLOCD riLOw (mt,

e




leEalnNesEaRaRa)

()

Rttt o ettt S KR b

*ULAMR)Y P LT O P ELEMENT MATL NO. RHDP 212X, °CP 10X »
RTAK Y AT0XLPCMET L 10X, VERY)
RUNC oy =0, [
PN 12 M=1.NOE
HAMMI=U AP M) w1LLC,
FFCASYFELMM))Y 6O TO 12
CALL DEFSRG(M,LMAT NODE LI!2)
IND {M) =NODE
IS (M) =L MAT
SIGEP=ZERSIMY WA F754F -9
MEC(MM2) =S 0ER*AL (M)
DO 11 J=TLLHMAT
READ(1 o £2IRHOM A D) S C ML )L AK M I, CRET (M, J), VEB (ML)
RH"CPV=RHOCPV*R”O(N:J)?C(N:J)*VT(MaJ)
62 FOAMAT (SF1L2.5) .
FFEB(N, J)=VEB (M, )
GB(M, 1) =CHET (Msd)
WT=WTERHO(M, J3=VT (M, 33 /1000, G01
19 WRITECRLECTIANARE (ML 1)L ANAME (M, 2),ANAME (M, 3), U,RHO(M . )
R o CUMS Y s AR M L) o CMEFT M LI DL VEE ML)
G2 FORMAT CIXr3AL 6XaY2,0Xs501X,512.5,1X))
IF(M . 3TLISPHERY GO TO 114
ABR=RIMAMNODEISDR(M,LMAT)
ARRR=R (M NODFI*DH(MALMATYI/ 2.
HE(R,9) ==DRIMAMMATI/ER (MALMATI /ACIMI®APKE® ARR JAPRR/AFRPRR
GU TO 12
10 ADC=AC(MI/R(M-NODE)
BCAMo? I =~DRAMAUMATI/Z(R(MINODE) +DRCHMALMATI /2. )/ABC/AKINM
X LMAT)
12 CONTINUL
WRITE(F 742 WY
74 FORMAY (F/7720,THE TOTAL RODY WEIGHT'/T20,'E QUALS ==z
“afF1U.%4°% (KGY'/S)

CPELILDCPED DI EICILPEICICICLILCSODCIDIDLICILCIECD ODLILILDILCH
<y <>
<> CALCULATION OF COECFFICIINTS FOR ITERATIVE ROUTINE <>
<> : <>

CEPLPCPCILILILICDIKCILILD LI LOLICICILILCICICI OO 2D

CALL COEFRG

READ (T 102 CeBCIM) A, TIM=1 oNUNS S
132 FOPMAT (16F5.0)

READ (1, 150) TAIP,VL,RH,WORK,DINT
150 FORMAT (IZFIN. S, F2l . 5 P10 . 6,21 0)

M=

DC 322 K=1,MOF

IFLASYFL{M)) 60 TO 372

Im=1m21

BL(M,R)=RH

BC(M,5)=D1INTY

SE(M,1)Y=BCIM,T1IAACIM)
37¢ CONTINUE




C OO AOIIOOLIODLIBI DD
c <o <>
¢ < STEADY STATEL TEMMERATURE DISTHIBUTION AND PODY <>
c < PARAMETERS AREL CALCULATED AND PRINTED. <>
c < <>
C OO OOOOOLDOOIIOOODOD OO
¢

CALL STEPRG(YY,Y)

WRITE(3,73)

73 FORMAT(//1X., "' | THE ARTERIAL BLOOD TEMPERATURES ARE A',
*'S FOLLOWS:'//)

e
C OOOOLIODOODOOIMCOIOD LI OO
t <O <>
c <> INPUT AND QUTPUT OF CONTROL COEFFICIENTS <
cC <> <>
C <MD LICIIOODCILOOCI X OOCICII DI OO
C

IM=1)
PO 15 M=1,NOFP
IFCASYFL(M)) GO TO 15
IM=TM+ 1
LSK=ISK (M)
L=IND(M) +1
FSET(IM)=FLUX{IM)
DO S N=1.,L
5 TC(MAN)=T(M,N)
TOLD(IM)=T(M,L=-1)
VR=VYB+ VT (M, L SK)
AT(1,IM)=TAR(M)=273_.16
15 CONTINUE
CTOLD=T(1,1)
WRITE(T,02) AT (1,IM) ,IM=1,NUNMS)
RFADC1 ,103) STOPITY
WRITEC3,24) STOPIT
24 FORMAT(//T20,'SUCCESSIVE ITLERATIVE TEST EQUALS ==>"',t5
*_4)
103 FNRMAY (16F5.4)
RFADCY L, T1C3) (SKINRCIMI,IM=1,NUMS)
REAR(YT ,103) (SKINSC(IM),LINM=1,NUMS)
READ (T ,103) (SKINV(I1),IM=1,N1MS)
READ(1,103) (SKINCC(IN),Im=1,NUMS)
READCT ,103) (WORKM(IMN),IM=1,H4UMS)
READ (1 ,103)Y (CHILMC(IM), IM=1,NUYS)
WRITF(3,104)
174 FORMATY ('1°%/7 7/ ER=CAL/HF'/® FLUXSCAL/HRZISA, CH "1/ T 70,
R'FNVIRONMENTAL COEFF.*, T30, "WFIGHTING COEFFICIENTS//

*OXs"ELEMENT SKINR  SKINS SKINV  SKINC WOR',
*'KM O CHILM',10X,"FLUX' 11X, "B ")
M=)

e 175 mM=1,.NGP

TFCASYFL(M)) CO TO 175§

IM=IMe

WRITECZ,107) ANAME(M, 1), ANAMF (M, 2) , ANAVME(M>3) ,SKINR(IM)

B=7




*o SKINSCIM), SKINV(IM) ,SKTNCCIM) ,WORKMUIM),CHELM(IM) . FL Y
X CIM), ERCIN)
135 CONTINUE
137 FORMAT (IXe3AL,EXe6F? 4,E20.57.10)
READ (I, 110)C Wy SSWLPSW,CDIL, SOILL,PDILLCCONSS CONL,PCONSC
*CMIL,SCHIL,PCHEIL ,BULL,ABL,QTEN,QTRBL,PCO
110 FORMAT (4F9.3)
WRITE(R,112)CSWASSWAPSWLEDIL #SDIL,PRILL,CCONS SCONLPCOM,
*CCHIL,SCHIL,PCHIL,.BULLAABLAITENAQTEBLA,PCO
112 FORMAY(15(/) »1X,T20,"CONTROLLER COEFFICIENTS Y111125.,
R'CCWEYLF9,4," KCAL/ZHR/DEG'/7T25,SSW= L9 4, ' SQMY/T
422,° PNz 2F9 . 4," LITFR=SQ.M/KCAL"/T?5,'CDIL= ,F9.4
", ! LITFR/HR/DEG /2125, SDIL="2F9 4, LITFR-SQ.M/KCA®,
LY/ T2S,PDILELEQ.4,° LITER-SQ.M/KCAL'/T25+"CCON="*,F
*Q 4, 1/DEG'/T25, 'SCON=",FY 4," LITER~SQG,M/KCAL"'/ 725
*,PCONZ,F9 .4, LITER-SQ.M/KCAL"/T25,CCHIL=",F9.4,2X
*, 'KCAL/ZHR/DFEG '/ T25,'SCHIL=",F9 .4, SQ.M*/T25,"PCHIL="
", 9.4, KCAL/HR/SQ.DEG*/T25,"BULL=",FQ.4," 1/0EG" /12
S, "ABRL=",F9.3," LITER/ODEG/HR'/T25,"QTEN=',FP .4, 14,
A /DEG P T25, "GTBL='",FO_4," 1TIDEG"IT25,'TCO= ,F9.4,°% M',
«'L/CAL I
CSW=CSWwx1070.,
SEW=SSWw*10000.
PSW=PSW 10000,
COIL=CDIL*1DOC,
SDIL=SDTIL»10O00,
POIL=PDIL*TOUO0,
SCON=SCONY1000C.
PCOM=PCON®I{UCD .,
CCHIL=CCHIL*10N0.
SCHIL=SCHIL*12000,
PCHIL=PCHILA1INC,
AL = ARL *1000,
0 TO 44
Pi; CONTINUF

- o Lt T T e
138 w».«hm?wmlinu'n;wmduuuwmw}‘ o v e AR N e g Lt o .3 fulls i, i

C2CCICILDLICILCIDEICDCICOCELDIDCILICILILIICICI CICILICILCD

C
C €240 <2C2CDCPCPCILOCILILCICICICICRLILILCICILILCICI ODOCILCICOCD
C < <>
cC < INPUT AND OUTPUT OF- TRANSI UNT <>
t <> BOUMDRY CONDITIONS. <>
C <> <>
C
C

READCYI L, 15]) TAIP,VLARHAWORK,DINT, BCHIDA

DO 2UJ2 M=1,NWGP

TFCASYFL(M)) GO T0o 272

IF(IRC.NE.T) GO TO 22

1F(I0A,EQ.D) GO TO 23

READ(TI,TIIEPSMMILBRCIMLI)LRE(M,112,BC{MAE) ,B8C (M, 10)
13 FORMAT(FS.4,F5.2,F8.4,FC4,FR L)

BCML2)=EPS(MIRAC(MING _R7S56E-9

BC(MA3)=BC(M,3)4273,1¢

GC TO 23
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22 BC(M,8)=RH
RC(M,3) =TATR+273.16
BC(M,10)=VL
23 BC(M,7)=1,000000000n01
BC(M,5) =DINT
PC(M,4L)=PC(M,3)
BCIM,1)=BCIMATIIMAC(MI A (RC(MA1C0)/7.10) %205
212 CONTINUE

CILILICICPLEILILIICILICILIEILLICICILILIDCICICILCI DI

<> ' <>
<> TRANSIENT DPITERMINATION OF TEMPERATURE <>
<> DISTRIBUTICN AND PHYSIOLOGICAL PARAMETERS <>
<> <3

CPLIEICICILODOCICIODCIDODILICOCP IO OCICICO<CD

CALL STEPRG(YY,Y)
TIVE=TIME+BC (1,5)

44 10G=1G+1
IFCTIVNE .GE.TIMST) GO TO 32
ETIME=TIME~60.C00CT
TPOOL=TARP-273.16

CPEPMIEICDLIODCIDAICICICICICICICICILICICICILCI OO 2D

<> <>
<> QUTPUT OF TRANSIENT PHYSICLOGICAL <>
<> PARAMETERS FOR FACH TIME STEP <>
<> <>

S XX ST ST SRS L SIS TS TS LIS LSRLS LGRS LPLSRGLISLSL OISR SIS L DL L S

WRITE(3,40) ETIME,TOOOL,ECMET

67 FORMAT (//1X, *TIME EQUALS °,F5.1,% MINUTES'/ 1X,'ARTE
+'RIAL POOL TIMPERATURE EQUALS 'yF6.3,! DEG /71X 'R
#*"SPIRATORY LOGSSES EQUALS *,~3PF6.3,° KCAL/HR'/)

WRITE(3,42)

42 FORMAT (H4Y, ELEM TCORE TSKIN INPBPAL RBEC BLHTR
** MY CONV RAD EVAP SHF TBF Gcc
**TAR FLUX FOT FooL ')

SCUTUQR.TI=FETIMFE
souT(1Q.13)=0.0
EWET=0.0N
SOUT(IQ,12)=".0
SOUT(IR,3)=F(MET
SOUT(IQ,4)=ECNET
SOUT(1Q.,6)=0.0
souUT(1Q@,5)=0."7
souT(rIQ.,11)==C.0
SOUT(IQ,12)=C0
€E0CIQ,1)=)
EOCIW, 2)=N,
EO(IG,3)=T,
EN{ln,4)=i).
E0(I1G,5)=0.
FOC(1Q, &) =0,




ECCIQ,7)=(.

EO(IN,3)=N,

ECC(Iu,9)=ECMET/ 1000,

EN(1@,10)=TAILR

ENCIQ. T11)=VL

FOCIR,12)=RA

EC (10, 13)=WORK/ 1210,

CTOLD=T(1,1)

IM=9

3 DO 31 M=1,N0P

3 IFCASYFL(M) Y GO TO 3D

1 L=IND(M)+1 !
LSTOP=INR(M)
IM=IM+1
TOLD (I M)=T(M,L-1)
ATAR=TAR(M) =273 .16
GLC=UA (MI*(TARP-TAR(M))
EOCIA,1)=F0CIG, 1) +E8T(MY/Z1N00,. N0
FOCI0,2)=E0(10,2)+ENGR(M,?)/71000.001
EOCIRs 3)=FOCIQ,3)+ENGR(M,13/1000.001
EOCIR,4)=r0(1Q, 4)+ENGR(M,2) /1000.001
ENOCIS, S)Y=EO (IR, SI+ENGR(M,3)/1300.001
EOCIQ,O)Y=ENCTQ,6)4ENGRIM,L) Z1000,901
ECCIQ, 7)=E0CIQ, 7)+ENGR(MA5) /71000, 00
FOCIQ,8)=E0C1Q,8)+ENGR(%,6)/1000.001
ATC(IM,T1)=T (M LD)-2723.16
AT(IM,2)=T(M,1)=273.15
LSK=1SK (M)
SOUT(IA,6)=S0UT(1Q,E)+CTM,L)=273,16)*VT(M.L SK)/VR
EWET=EWFTHEE (JM) /EMAXCIM)I*AC (M) /TOTA/1.330031ELS
SOUT(IQ,4)=SO0UT(IQ,4)+FEWUM)
TRLF=).N
SKuF=3.0
A=1
CALL DEFRG(M,IMIN,IA2X,LFAT,NODE)
0O 201 N=1,LS8TOP
TFINGITLIMAX(J)) J=g41
AQTEN=EM(M,N)}** (ATFN/QTHL)
VSTVE3 (M,J) aVIM,N) /YT (M,J)
CM=CHMET (M, ) *V(MNI/VT (M,I)
IF(J.NE.LSK) GO TO 4
SKBF=SKRF+VS*AQTEN

5 4 SOUT(IQ,3)=SOUTCIGC,3)+CMARM (M, N)

¥ 831 TBLF=TRLF+VS*AQTEN

B SOUT(IQ,11)=S0UT(IQ,11) +SKRF/6N000.01

B FOOL=FCOLD(IMIASKINRCIMN)

4 FOT=TAdARMCIM)ASKINR(IM)
E WRITE(3,4%) ANAME (Mo 1), ANAME (M, 2) , ANPME (M, 3), ATC(IM,2), A
y *TCIMAT 1) pERT () JENGR(M, 1), ENGRIM2) JENGRIM,Z) JENGR(M,4
X)), NGRCMAS) A ENGRIMVE) A SKTFL,TRLI 2QCCAATARAFLUXCIM)LFOT,
3 *FOOL
E 63 FORMAT (1X,3A4,NP2F7.2,-3PINF7.2,0P1F7.2,0P3F 7.2)
E 3, (ONTINUE
. IFCIDA.EAR.0) GO TO 36
WRITE(3,37)
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57 FORMAT (/71X 125" X))/ T30}, 2 WARMING »&'/72(,'BOUND',
w'nyY CONDITIONS HAVE WMEEN CHANGED'/7X,°FELEM £EPsS(my) °,
*2X,'BC (ML) RC(M, R) BC{(M, 1M /1)

DO 38 M=1,NOP
IFCASYFL(M)) GO TO 38
BCOUM=BC (M, 3)~273.16
WRITECI,39)ANAMT (M, T ), ANAME (M, 2),ANAME (M, 3), EPS(M), BCO
AUMLBC(M,11) L, BCUIMLHE),BC(M,1D)
39 FORMAT (V203 A4 2K rFS  brdXotfS o27s5XsFE hr3X,FOLbsbXsFR G)
3% CONTIVUE

o
C 2L LICICICCICCICICOCICICICICILDOEICICICICID OLICICILCD
C <> <>
C <> STORAGE OF PHYSIOLOGICAL DATA INTO SUMMARY ARRAYS <>
cC <> ‘ <>
£ <2 IIILIMDCICICILICICICOLIIDLCICICDILI LI DI LICD
c
36 EC(IQ,S5)=F0{1Q,5)+ENCI0Q,9)
: SOUT(IQ,4)=S0UT(lQ,4)/TOTA/1000.001
¢ SOUT{IN,3)=SCUT(1Q,3Y/ TOTA/1C0C.001
2 SOUTCIQ,2)~ECG(TG,3)/T0OTA
SOUT(IO,13)=(50UTC(12,3)~FCMET/TOTA/1000,.001-50UT(1Q,2)
A/ (TARP-273.16=-S0UT(10,6))
SOUT(IQ,5)=EC(1Q,2)*1000,001T /RHOCPV
SOUT(IR.TM=T(7,2)-273.16
SOUT(IQ, M)=T(2,2)-273.16
SOUT(IQ,E)=TARP-273.16
SCUT(LQ,7)=T(1,2)-273.16
SCUT(IQA12)=S0UTCIG,12)/60300.01
SOUT(IQ,14)=1C0 . *EWET
GO YO SO
C
C <O EIEIPOLCIMDILCICIEILCDLICICIILCICIICILD OB LEOLD
c <> <>
€ <> OQUTPUT OF SUMMARY ARRAYS FOR TRANSIENT RESPONSE <>
c <> <>
C 2L LICDECDIDLIDLIDCILILILCILILLDIDCILIECDCDLICIECIDEDELY OLILPEDLD
C
32 K=60
L=1
Ly=1q0-1
77 WRITE(3,75)
TFLX.LT.ADY K=K=-604L X
7S FORMATC'1',* TIME HFLOW HP Ev TR TS ',
*' TH T0 TR ™ sav €0 COND PWET ")

WRITEL 3,76 C(SOUTLIT Jd2200=1014),1151,¥)
76 FORMAT CIX,FS 1,3F7.2,6F8.2,2F7.3,2770.2)

I%(ux.LE.AO)Y GO TO 78

Lx=LX=4(C

L=L+562

K=K+6H)

6D J0 77
78 K=6[0

L=1

2t .
et b s o b e s ke
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87

85

86

88

<> <L

<>
<>
<>
<>
<>
<>
<>
<>
<>
<>
<>
<>
<>
<> <

L¥=1a-1
WRITEL 3,85)
TFOLX.LT.60) K=K=-6T4L X

FORMAT (*1%,°PLL UNITS IN KCL/HR EXCEPT TIME = MIN.,',
** TAIR = DEG-C,VEL = M/SEC, AND RH IS NON-DIMENSION',
*PALP L IR.Y TIME INBAL BEC RRFC BLHTR *.
* MET Cony RAD EVAP RESP TR1'»
**R VEL RH WORK ")

WRITE(3,86) (SOUTCLIIL 1) o r0CY1,302,03=1,13),1 I=L#K)

FORMAT CIX,F%.1,13F9.32
YFOLX.LE.60) GO TO 8F
LY=LX=60
L=L¢+6)
K=K +60
GG YO 87
CONTINUE
STOP
END
DL ELILICIADIILILICOCILICI P EAILCILICDDOLICOODLILCOCHED>
<>
I T X R * ko EAR A * <>
* * * * * X * <>
Kok kA * X 3 * ok <>
* * * * * * * <>
Ak ok L 2 X X AN *oxok * * <>
<>
AhkAK * AR Ak * <>
* * x ok * * ok <>
* * * * * * * <>
* * wkkohkh * * ¥ kA <>
* kX A > * * * * <>
<>

FLICIOD NP ODLICICICILDLPCLICI DI LI LI HL>

BLOCK DATA

IMPLICIT REAL*8 (A~-H,0~-2)

DIMENS IO BC (34 ,11),DR (34,9 ,R34,21)4V 24,27),VT(34,9
*) AL I4)/RHOC34L ,9),CU34 D), AK(34,9)00M(34,2D),CMET( 3,
*Q),VE3 (34,9 ,TARC34) L AC3R4,20)eBE34 20 oD (34,200 »E(34,7
*N),T(34,21),IDC126),TVEN(36) JUACIL) ,VELD(34) L,1IA(124),E
*NGRU34,7),ERT(34),QB(34,9),PFI(34,9)aTVI34),HARM(34),C
*OLB {34 ) +FLUX (B4),FRRORC3A) ,SKINRCIA) ,SKINS (3 A),SKINVIL(S
%) SKINC(346) AWORKMIUZL) » CHILNBL)LEF (34, FSET (34),FSKIN
®(36) o TO(34,21),RATEC3L) ,TOLD(3L)LEF(34),EMAX (34) ,ANANMTF
*(34,3) LTISKNCTL) ., TMUCSL) L FWARM(IA),FCOLD (24)

COMMON /FNV/ZPC/LDR/DRILRINI LY IVIWNVTIVTILACIAC /LRHOZKRHO/
*LC/C/LAK/AK /LEM/BM/LCMET/CMF T/LVER/VEB/LTAR/ TAR/LBLN/R
*HOB ,C2 L, TARP/COAFAICOR/B/ICOD I L/ COE/ 4L T/T/LID /NUM,ISPHE
*RGNUMS S ISS-NOPLID/LTVEN/TVEN/LUAZUA/LVELB/VELB/LIAZ 1A/
*LENGRZENGR/LVERT/EBT/VLQB/GB/ LABFB/BFA/LTIME/CD LETINFLFWR
LITE/LTY/TV/LTOCT/TOTV,TOTA/LWARM/MARM/LCOLD/C AD/LF/F/L
*ERRORZERROR/LSKINR/SKINR/LSKINS/SKINS/LSKINYV /SKINV/LSK
*INC/SCINC/LWORKM/ WORKM/LCHI LM/ CHILM/LER/EB/LHR/HR/LHKC/
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<>
<>
<>
<>
<>
<>
<>
<>
<>

*HC/LPSK IN/PSKIN/LTO/ZTO/LRUTE /RATE/ZLTOLO/TOLY LEE/EE /LE
THAX/ERAX/LIMUZTMUZLFLUX/SLUY/STOLNX/TAYR VL » RHAWORK T C
SPETHCTOLD/LNAME ZANAME/ZLTISK/ ISK/LSTOL/ICSWH»SSA PSHLCDTL,
ASBIL,PDTLACCONSSCON,PCONLCCHIL -SCHIL,P HIL#3ULL ~ABL #PC
*O/LAVEN/QTEN/LFSET/FSET/LFWARMY/FYARM/LFCOLDZFCOLD/LAQTR
*L/RTBL/ZLSTOP/STORIT/LMUS/MUS

COGICAL ASY L

DPTA CSWoSSWPSW. COLIL,SDIL,PDILCEONISCONLSPCONLCCHILSS
*CHILAPCHILLPULLAABRLL,PLO/12%N 0,221 000002.,1.0/,QTEN/ID
®INGN./.QTBL/ICGONCU ./ STOPI Y/ 0017,/ 716«309.7,1A71,2
*04:306:5:3;7r1nfq:116*0/IBC’374*”.”/IENGPI?SE*O.O/:EBT
*/3620.07/,NUMISPHERLISSAID/ZLo 1411081111 ,116%0/7,C0 AFT
AIMELEWMRITEZZICQOON .20, 0/, TARI 3430 92637/ ,RHCB,CR /T,
*CErD92/7,TARPISND 93627/ ,T0/77142309.07 ,TALIR, VL,RH,#ORK
%129.45,N.10,0.3,D0.0/+,RATE/34*0,G/,0UAI3480 ./, SKINR/ 344
* 07,SKINS/3L*0 . 0/7,SKINV/36xD 07,SKINC/34+0.0/7,WORKM /34
*2C 0/, CHILMZ 3423 . 0/,FLUK/B4*0, 0/, FSET/34nx].0/,RFR/ 136
*0 /,031136%0D./,6M7630%1 .0/

END
C2CPEILICIDLIECICILILICICICLICODLICICICICICICHLCE OCIIICOLD
<>
* &k kA AN AR xR * * ko ko <>
* * ” > *k * » <>
XXX 1Y & " * W * <>
* * * * * A& * <>
* ok kR ok kR AR * * <>
<>

CILILICILICOLICIAICIOLICDLIICICICOLICICILCI OO LIC DL

SUBROUTINE SCONT

TMPLICIT REAL*B(A=-H,0=-2)

DIAFNSTION T35(11),P(11)

DIMENS IONRBCC1) A VvT(1)LAC (D A3MO1)CMET (1)L, VE3 (12, T(1),1
*D (1) LENGRCTY QR LAFRIDILIVUCTIILAK (1) ,R(I) L, FSET (1) ,F MW
*ARMIN) L FCOLD (1) AWARMCT) LCOLD (1) AFLUXCI)LERRIR(T) »SKINP
*{1)sSKINSCY) ,SKINV(T),SKINC (1), NWORKMCT),CHILM(Y)LERC(T)
*,PSKINC1) ,TO(I) ,RATECT) ,TOLNCI) LEEC1), EMAX (1), ANAME (1)
*, 15K {1)

COMMON/ENV/BC/LVT/VT/LAC/AC/LBM/BM/LEMET/CME T/LVFR/ VER
*/LT/T/LAK/AK JLID/NUM, ISPHER, NUMS,I5SeNUOP, iD/ LOB/AB/LAF
*R/BFB/L IMUFTMUZLTIMEZCOLETIMELEWRITE/LR/R/LWARM/MARM/L
*COLD/COLD/LF/F/LERROR/ERROR/LSKINR/SKINV/LSKINS/SKI NS/
*LSKINV/SKINV/LSKINC/SKINC/LWORKM/WORKM/LCHILM/CHILM/LE
*B/ER/LPSKIN/PSKIN/LFLUY /FLUY L TO/TO/LRAYE/RATE/LTOLD/Y
*OLD/LEE/EE/LEMAX/IEMAX/STOLWX /TAIRI VL, RHL,WORC AECMET,CTO
YLD/LNAME/ZANAME/LYISKZISK /LSTNLZTSW, SSWaFSWLACDIL,SDLL,PD
*IL,CCOMNLSCON,PCON,CCHIL SCHILAPCHIL,BULL,ABL ,PCO/LGTEN
*/QTEN/L FSEY/FSET/LFWARM/FUARMN/LFCOLD/FCOLD/GTBL/GTRL/
*LMUS/MUS

LOGICAL ASYFL

DATA TSIG.GIS-I1D.I,S-IB .aZS.'30.,KS.péo.a&S.;SO.l

DATA P/4.579,6.543,9.209,12.788,17.535,23.756€.31.0224,4
22.175,55.324 .71 .08,92.51/
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DATA 12/2/ !
RATES=(D .7

AGND=1.,

sUMT=) .G

WARMS=(D .0

FWARMNS =0 .0

CoLDS=0.0
FCOLDS =N,
Cwaem=(0_3
CeoLn=0.0

CRATE= (TC) -cfoLpd/BC (13D

TH{WORK .GT.71732.) 530 TO 105

WOPKI=D0

GO TO 1né

WORK 1= (WORK=71732.)%5.7¢2

IM=0

PO 302 M=1,NCP

1F(ASYFL(M)) GO TO 372

1M1= I MY

CALL DEFSEG(M,LMAT,NODE,12)

L=M+NUM®(NODLF-T1)

LL=%¢N UM (NOE~2)
FLUXCIMYSCTOLLY =TOL) ) *AKMENUMK(LMAT=T1))/CRCLL)Y -R{L))
RETEC(I™M)=(TCL)-TOLDCIM) ) /3C (aNyUMnd)
RATES=RATESH4SRATEF(IMI)XSKINRCIM)

DO 378 N=1,MODE

JN=MENUMR(N=-1)

BACINY =2 . 2% ((TUINI=-TOCINIY/QTEN)

WARM(IM)=N_ 0

FUYRRMOIMN)=(0 .0,

COLD(IMY=(.C
FCoLODC(IM)= 0

MSK =M& NUIMR(NODE ~1)
ERPOR(CIMI=T (MK ) =-TC(¥YSK)
FERROR=FLUX(IMI~FSET(IM)
IFCERRCR(IM) .GT .G 60 TO 304
1FCERRORC(IM) . EQ.N.0) GO YO 307

COLD (I M)==ERROR(1M)
COLODS=COLDS+COLDCIM)*SKINRCT ™M)
SUMT=SUMPTH(TO(MSK) =273, T8)IxSKINR(IN)
GO TO 3C7

WARM(IM)SEPROR(IM)

WARMS= WARMS + W2 NM(IM)*SKINRCIM)
TF(FERROR.GT.O,.T)Y G 10 30F
IF(FERROR.FG.VLCY GO TO 302
FCOLDCIM)I=-FERROR
FCOLODS=FCOLDSH+FCOLD(IM)#SKINR(IM)

6D TO 3INn2

FWARM(CIMI=FERROP

FWARMS = FWARMSHFWARMOTI™) aSKINRCIMN)
CONTINUE

TCOLD=COLDS=SUMT4+23.5
CERROR=T(1)-TO0C(1)

IFCCERROR.LT.O.TY Gy v 303

0
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CWARM=CERROR
FCCOLD =-~CERROR
60 TO 245
303 CCoLD=~CERROP
FCCOLD=-CFRROR
335 SUWLAT=CSWACWARM+SSWAFWARMS
DILAT=COIL«CWARM+SDIL*F WARMS
STRIC=CCONYCCOLNM+SCOANAF COLDSHPCCNACOLDS
TFCTOOLD.LY.C.)) AGu=D,
CHILL=CCHILAFCCOLOMSCHIL*FLCOLDS+PCHILATIOLDY AGD
IF(SWEAT . GE.Q.0) GO TO 312
SWEAT=D.0
312 IF(DILAT.GE.(.Q) GO YO 314
DILAT=] .0
314 IF(STRIC.GELC.Q) GO TO 316
STRIC=D.0
316 1F(CHILL.GELCLD) GO TO 21R
CHILL=T.0
318 IM=0
410 PO 401 M=1.NOF
IFCASYFL(M)) GO TO &7™M
IM=T M+
L=]1SX{(M)
cus=n.0
IF(M.SE.MUS)CUS=(ABLACOLDS+PDIL®FCOLDS)*aCHILM{IM)
CALL MUSCLE(M,INUM,XA,KR,KC)
IFCINUMOLELO)Y GO TO 7%
G0 TO (ST10,520,530),1INUM
SIC NC=M¥NUMNKC
NB=M+NUMRKB
NATM AN UMRKA
VM=VT{NC)#VT (NRYAVYT(NA)
CYETNC)=QR (NCY ¢ (WORKM U IM) *WORKIACHILM(IM)*C HILL)*VT(N
*L)Y/VH -
VEBINC) =BFR(NC) + (WORKM( IMIRWORKI4CHILI(IM)RE PILL)*AV TN
*CY/NVRPCO-CUS
ITF(VER(NC) .LELONAS*BFRINC)) VEFINC)=. S F R(NC)
GO TO 5725
S20 NR=M#yUMaK!:
NA=M4yUMRKA
VM=VTIND)I+VT (1LA)
525 CMIT(SE)Y=QR(NP) 4 (WORKM(IM)"WORKIACHILM (UM #CHILL) *VTI(N
LIAB AT
VEBINI ) =BFRINB) ¢+ (WORKMUIM)* W ORKIACHIUM(IMI A VILL)Y *V T (N
*B)Y IV PCC-CUS
TFCVER(NED) LT, 0 COSBF8(MD) Y VERINR)=, NOSapF p(NB)
G0 70 %5
510 NA=MINUMaKA
VHM=VT(NA)
S1S CYET(NA) =GB (AA) 4+ (WLRKM{IMY M WORKT4CHILMOIMY 2L HILL) AV TN
LD FAY,
VEB(ANR )Y =BFA(LA) 4 (WORKM U IMY AW ORKIACHILM(IY) s CHILL)*VT(N
TAY/NMAPUQO=-CUS
FFCVEI(NA) _LE.O_JDS*BFH(NAY ) VER(NA)I = ONSH*EF HNA)
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STI NlI=meNUMa (L ~1)
VERING Y 2 RFH NI ) =S TRECHSKINC CEMIIDILATASKINY (L)
JFOVER MG bl b0 OCS BRI (Y)Y VEIBCNJIY= . OUSPF R(NJ)
ST EECIMI = LERCIMIPSKINS CIMIMSWI AT I 02 0w (Y RRORCIM) 7BUL L)
CALL DEFSPFGUNALMAT,d0ODF 2 12)
TI=0C{MeNUMRI)I-27 3 1n
CALL YERFROCIS,P,TLZ,PALIR,TT)
PAIRSPATR®NC (MeNUNNP)
NU=NODF 41
TSR=TCMANUNE (NU=1))Y~273 16
Catl TERPRG(TS,P,TIKLPSKINCIMYLIY)
fMAXCEM)=(FSKINCIMI=PALRIR? ,CARC(M)
THCRECIM) LLF LEMAXCIMY) GG TD &0 %
ECLIMY cEMAX CIN)
473 PCCNANUMKSYSEECIM) AT (MeaNUMe (NU=-1))
431 CONTINUF
ECUF T (71732 .4 WORKIZ.ZHACHILLY R0, 00238044 ,0=-PAIR)
CMET(So=QBULL)-L CMEYH 2
CMETC30)=QU{IB) =FCMETA 1
CMET(Z1)Y=QRE 1) -FCMET 7
VEB(YY =COMBFI(S)
VER(H) SRFR(E)-PSwa FJARNS
! RETURN
¢ END
3 SURROUTINE COEFFRG
IMPLICI T REAL®S(A-H,0=-7)
PEMENSTON IMINCIO),IMAX (10)
PIMESNSTION DR LRI AVTID,TARI(D LREO(CTIILCCI)LARLT) LRE (),
COMIETA) AVEN (DD LA 1) 2 (1) AD (I LEL1 L IDC(T) - 00 (1), NFBCY)
COMMOYZLOR/DR/L RZRILVIZNT/LRNO/IRHOZLC/CZE AKS AR /L RM/ BN
COMMON/LCMET/CMET/LVER/ VEB/L TAR/TAR/LBLD/RHON, CB,TARP/COAZAICOR/R
COAMON/COD/D JCOE 76 /LID/NUIM, L SPHIR,NUMS,iS$S,NOP,ID
COMMON /LGR/QB/LBERZIY
COMMON /LATEN/GTEN
CoMmay/ZLulelL /eTnL
LOGTICAL ASYFL
KOS
1sP=1
DO 97 1=z1,.N0P
IFCI 5T ISPHERY TISP=?
1CEN =T
IFCASYFL(I)) GO To 9
CALL DEFRGUI LIMINLIMAX,LMAT,LNODL)
K=
JFCIMIN(KY  FG.IMAXIK)) K=P
GO TO (23,24),K
24 JCFM=2
23 AHZAKCTANUMACK=1))/DR{T +NUMA(K=-1)) /4,
DO BN N=2.NODE
MP=]1eVUMK
MMz Ty Ue(K-1)
MN<14YUMa(N-1)
IFCGIMINCK) . EQ.IMAX(K)) GO TO 14
IF(NLEQ.IMIN(K)) GU TO 4
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IFANLLY L IMAX(K)) GO TO &
TFLOW= 1

1HAN,EQ .NJODE) 69 TO 12

AA=RB

RP=DRCHM)IELDR (MP)

BB=CAK (MM)#DR(MM) +AKCMP I #DREMP) )/RPIRE/ 2,
160=?

G0 TO 40

YF(N.EQ.2) GO TO 16

AA=BR

RB=AK( MM /DR{MM) /4,

GO TH 40

AR=RE

GO TO 40

IFLOW=2

AA=BE

GO T0 (4L6,47),1S5P

RB=AK(MMYN/DR(MM) /2.

GO TO 48

BBT=R(MN)/DR (NM)

AB=AK(MMI&(ART+ 5)/7(2.%xBBT+1.)/JOR(MM)

GO YO (40,17),1FLOW

IF(N.EQ . NODF) GO TO 919

RP=DR(MM)I+DR (MP)

BEB={AK (MM)*XDR(MM) +AK (MP)«DR (MP))/RP/RP /2.
160=2

0 YO 17

RB=AK(MM) /DR (MM) /4,
RP=DR(MMI+*DR(I+MiIIM*{(K-217)

AA=(AK (MM)* DR(MMI+AKC T+ HUM® (K=2))*#DR (T +NUMR(K=2)))/RP/RP/2.
AGQTEN=ZBMMN)I** (NTEN/QTRL)
CM=CMET (MM) / VT mM)

VB=VE3 (MM) /Y T(MM)

G0 TO (43,44),15P

AP= 75k (R{MNI+R{TENUMAN)I I* 22 /(3 ADRTMMIXR(MN )% 2+4DR (MM 2al)
AM= 75 %« (RAMMIAR (L INUMA(N~2) ) )I R %2/ (F ADR(MMI* R(UN) A% 24 DR (MM )4 a3)
GG YO 4%

APSCT, ¢+ RUTHNUMNY/RIMN) DI /2./ R (M)

AM= (1 _ +RCIENUMK(N=-2Y)/R(MN) ) /2 . /TR (MFM)

GO TO (27,28),18%

RC=1,

GO TO S1

RC=RHY (MM)* C (MM)
R(MN)=(-RHOB*CPaVUXAQTEN-AA* AM~RB* AP)/RC
R(MN)=AA*AM/ KC

D (MNY=BB*AP/RC
E(MN)={CMBMI(MNI+RHIRYCBAVA* AGTENRTARCI)) /RC
GO TO (80,18),iG0

K=K 11

160=1

CONTINUE

pUN=DR(T)x?,

G0 70 (33,34),1CEN

AKBOB= AK (1)
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54
49
50
35
25

2o

r

52

90

17

16

15

P/ b A WL M = - ARt Uy oI R ot i ikl i S s e RS RN SR LM s I

S0 TO (49,50),15p

AKBOB= CAKLI D) *DRCI) +AK (T #+NUMD ADRCIMPNUMI I/ (DOCTI)HDRIT $NUM)?D

G YO (46,50),18F

ASH=6,

L0 70 35

ASP=4,

G0 Y0 (25.,26),188

rC=1.

GO TO 57

PC=RHRO(1)*C (1)
ACIY=(~ASP*AKBOR/DUN/DUN=RHDBU*CRAVER(T)/VT(L)I#IM(E) #+» (GTEN/QTHL) DY/
wRC

RL1)=).0

D(I)=ASHAAKBOB/RC/DUN/DUN
ECI)=(CMETCI)/VTYQI) R ENCTIHRHOB*CHAVEBC(I) /VT(T)*TAR(II*EM (I )24 (QTEN
*/QTRL) ) /RC

18P=1

CONTINUE

RFETURN

FEND

SURROUTINE EHAL(K,TT)

IMPLICIT REAL*B(A-H,0=2)

DIMENSTION [MINCTID)»IMAY (1D

DIMENSION BCCI)DH (1Y, RETGAVI)VTCIIAACCIILRHD ()L CCT) LAK (),
PPN, CMETCI)AVERCT) A TARCIDI AIBCTIYLTHGR () YERT(D) T D) ,TT(1),AR(T) .,
seFa (1)
COMMON/tNV/BC/LOR/DR/LR/RILY/IVILYT/INYZLC/AC JLRHO/RHO/ZL C/C/LAK /AKX
COMMON/LEM/BPM/LCHET/CMET/LVFB/ VEB/LTAR/TAR/LBLD/RHIBA,CB/LT/T
COMMOM/LID/NUM,ISPHER ,NUNMS, N,NOP,ID/LENGR/ENGR/LEBT/EBT/LBFR/BFS3
COMMON /LRTEN/QTEN/LQTRHL/GTRL /LGR/GP

SuUmM=9,

STUR=D .

BEC=1.

GEN:D,

I=1

CALL DEFRG(KIMIN,IMAY,LMAT,NODE)

NAZKHNUMANODE

DO 30 J=1,NDDF

IFCI 3T IMAXCI)) 1I=141

MN=K+NUMX(J-1)

M=K #NYMA(1~1

AQTENTBM(MN) #*(QTEN/QTBL)

CH=CMET (MI*V (M) JVT (M)

VB=VE3I(M)®V (MN) /VT (M)
STUR=STOR+SHOUMI X C(MI AV (MNY X (TIMNY=TT(MN) }/IC(K+NUMRL)
BEC=RECH4PHO (M)A C(M)*V(MNI* (T (MN)=-273.16)

ENGR(CH+NUMKAI=RF(

FNGR(L)=STOR

SUMSSUM+PHOB ACB VB A (T(MN)-TAR{(K)IY*ROTEN

ENCR(CH+NUM) =SUM

GEN=GEN+CMARBM(MN)

ENGROCHNUML 2 )=CEN

OUTA=3C{KIN(TI(NAY-BC(K+NUMAZ))

ENGR(CANUMR T )=0UTA
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OUTBXICAKINUMIF (TUNA) # R 4-BCIRENUMRRGNA L)
ENGROCHNUMA L )i 1Y
OQUTC=3C (KeUMNE ) /T (NA)
ENGROCHNUMRE =0 UTCE
QUT=0UTA+QUTR+QUTL

18 60 TO0 {(13,14).N

13 EBT(K) =0UT-GCEN+SUM

RETURN
14 EBT(K) =0UT~GEN+*SUM+STOR
2N RETURY

END

SUSROUTINE RLTPERG
IMPLICIT REALWR(A~H,0O-12
DIMENSTION IMINCAG)YLIMAX CY) #DELT(TR262
DIMENSION VO L,VUT() .M 8FB(1)
DIMENSION VEB(I)TARMT) L T(1) L10C1 1 LIVERNCIYL,UAQT) . VELB (1Y)
COMUDN LA VIVILVT /VT /U RFR/RFE
TOMMON FL VLB ZVEB/LYAP/TAR/LBRLD/RROB,CBATARP/LY/T/LERM/BM
COMMON /L ID/NUMSISPHER NUMS,ISS,NOPLID/LIVEN/ TVEL/ZLUAZUASLVELNIFYYLS
COMMON/LTIME /COETIME ,F WRETE
COMAON/ LATEN/QTEN
COMMON /LQYBL /RTRL
LOGICAL ASYTFL
sumMp=3
suwl =2,
e S 1T=1,N0P
ITFCASYFLA(I)) GO TO §
SUMA=D,
VELS (1) =0,
CALL DEFRGUIAIMIN,IMAX, LMAT,NDDE)
J=1
DO 15 K=1,NODE
MAT=T1eNUMR()-1)
EN=T+3UMA(K~-1)
AQTENSBMUUN) =« (GTEN/QRTBRL)
4 VB=VE3 {VAT)xV(KN)/VT(MAT)

10 VELB(I ) =VELRB (1) +VB*AQTEN

25 SUMA=SUMA+T CKN) *VE*AOTEN
IF(K EQLIMAXT())) J=J+41

15 CUNTINUE
TVENC(L ) =SUMA /VELB (]}

S CONTINUF

DO 45 Y=1,NOP
IFCASYFL(LI)) GO TO 45

29 PELTUI) =TARP-TAR(I)
TVEN(IY=TVEM (L) +DELT (1)

40 SUMC=SUMCH+YFLECI)«TVENCT)
SUMB-SUWHAVELB (I

65 CONTINUE
COo=85uyvMB~-CV
TARP=SUMC/SUNB
00 ST I=1.N0p
IFCASY FL(XID)D GO YO 57

5SS ALAM=UALIIZVELB (1) /knuB /(B
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TARCI) =(TARP +ALAMATVEN{II)/Z CALAMTY )
57 CONTINUE
410 RETURN
END
SURRNOUTINE STEPRGATTLOLD)
IMPLICIT REAL*R(A-H+0~-1)
DIMENSTON XAT(21)
DIMENSION RDC1) ,TARCYIILESTCIDILENGP (1), ANAME(T)
DIMENSION ACTI,BUT)eDCIDLEL1)oBCI1I,TC1) L, IDCTI.TT(1),AT(T)
CO¥YMON/LTAR/TAR/LEBT/ERT/LENGR/ZENGR
COMMON /ENV/BC/COAYA/COR/B/COD/ID/COEIEILTYT
COMMONZLTIMEZCOAET IMELEWRITE /LNAME /FANAME/ZLLID /NUM, ISPHER,SNUMS,ISSHN
BIFL1D
COMMON /LSTOP/STOPIT
IA=C
LOGICAL ASYFL
Ir=1
IL="
CALL S CONT
53 12=2
ho 90 K=1.NOP
YRC=EL (1 +NUM%4)
TE(ASYFL(X)Y) GO TC 97
DD(K)I=TAR(K)
CALL DEFSRG(KLLMAT ,NODE LT2)
NN K AVUMANO DT
NU=NODE+1
12 DO 31 1=1,MU
N=K+NUMx (1~1)
XATC(T) =T ()
G0 YO (231,300,117
31 TYN)=T(N)
30 COMTINUE
52 IFCISS.NF.T) GO TO 20
TKY==DIK)/AKI*T(KENUM)D~E(KI/AKK)
TT(K)=T(K)
DO & I=2,H0DE
N=K+NUM* (]~1)
TINY==E M)/ AN «T(KANUMK (I =2 )) ~DIN)ZACN) A T(X 4NUMXY) =F (N)/A(N)
6 TT(HI=T(N) ,
TUNNDI=BC(KENURAEDI* (3CIKIA(T(NN)=RBC(K+NUMAZ)) +BCIK4NUM) # (T (NN) % %4 -
SBCCKENUM®I) # 24 ) +4HC(KHENUMKS) F TONN) D) + T(K#NUMX{ NODE=~T1))
GO TN 41
20 TKI=(-D(KIREC{KINUMRLE) s T(K + NUM)=BC(KENLMAL) #F(KI=TTCK) Ds (P (K)~BC(
IKtNUMR S ) ~F,)
DO 47 1 =2,N00E
N=K+NUM*(I=-1)
610 TINY=(=~BCIKAENUMAL)I K (E(NIAT(KANUMS(T=2))4D () 2aT(KENUMAT I )-BCILKENUMR
FLIXE(NY~TTIM)I/Z (PO ANUMRA) 2 A(NDY=T,)
TOUNIS=RC(KH UM EI A (PCCRI*X(BCIKANUMKD) =TT ILN II4BCCKINUM IR (BC(K+NUM
CAII ML = TT(NNI*AL)=ACCRENUMRES )/ TTCAN))IHT (K NUMS(NODE ~1))
41 DO 5T J=T1,NU
HeK4NUMA (U-1)
TEST=DAPS(XAT(I)-T(N))
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XAT(J) =T(N)
IF(TEST .GE.XBCY GO TO 52

S1 CONTIVUE

90 CONTINUE
17=2
IL=1L¢Y

35 CALL 3L TPRG
IAD=1
ENERGY =0,
EMAT=0,
PO 73 I=1,NOP '
TFCASYFL(L)) GO TO 72
ETEST=0ABS(DR(I)-TAR(]))
DO{I)=TAR(YI)
IFCETEST.GE.RCCI+NUM®L) ) TAD=2
CALL EBALCL,TT)
ENFRGY =ENERGY+ERT(])
EMAT=EMATHENGR(I NUMN®2)

732 CONTINUE
CALL SCONTY
CALL COEFRG
GO T0 (74,53),1AD

74 ITF(3CCT+NUMRE) LS STOPIY) GO YO 77
DO 75 I=1,NOP

75 BCCIENUMKA)Y=ECC(TI+NUM*A) /10,
G0 T0 S3

77 EMAT=.0SXEMAT
TF(PAZS(ENERGY) LT .EMAT) GO TO 70

786 WRITE(3,79)

79 FORMATC(/1X," CPUTION THE ENERGY HALANCE HAS NOT MET CRITERIA')

7T IFCISS.NE.1) GO TQ 95

WRITE(3,72) 1L

Do 1) K=1.,M0P

TFCASYFL(K)Y) GC TO 11N

CALL DEFSRG(K,LMAT,NCDE,17)

NU=NODE +1

DO 11 1=1,NU

N=K+NUMX(]1-1)

11T TT(NI=T(M)=-273.16

WRITEC3,71)ANAME(K) A ANAMECGCHNUM ) A ANPAME (K4NUNA2) , (TT(K+NUMR (1-1)),1
$=21,%U0)

1 CONTINUE

77 FORMAT CIX,3R4,TY,2(T15,11F10:.57))

72 FORMAT(/1Xs" STFADY STATE CONDITIONS HAVE BIEN REACHED .. .....TuE
SNUMFER OF ITFRATIONS FXECUTED ==>*,110//71X," THE STCADY STATF TEwPE
SRATURE DISTRIBUTION FOLLOWS,'"/1X,"STARTING FROM THE CENTER NODF 1O
$ THE SURFACE NORE ==>'/)

1ss=2?
95 RFTURM
EMND
SUPROUTINE GEOMRG(GEN,NUTLNOR)
IPLICITY REAL*8(A=H,0-1)
DIVMENSTION GEDINUT,NIB) L, IMINCID) - IMAX(TW) DT )
DIMENSTION DROIDLAC1) A VINILVTCI)LACCIIATIDCT), TVUY),ANAME (1)

B-21




41

52

~

12

COMMON /LOR/DR/LR/R/LV/V/LVT/VT/LAC/AC/LID/NUML,ISPHE RyNUMS,ISS,NOP,
*1D

COMMON /L TV/YV/LTIOT/TOTV,TOTAJLNAME fANAMS

LOGICAL ASYFL

DATA P1/3.141592/

TCTV=),

TCTA=D .0

WRITE(3,68)

63 FORMAT(®1',T26+,"SKIN suBcur DIA DIA D 1A DIA

inia D1A DIA SPHERE® /T7, "FLEMENT CIRCU™ FOLD FOLD
$ RATLO PATIO RATIO RATIO RATIO RATIO RATIO ANG(RA
) SEOGMENT /713, (M) T HI CK THI CK MATL MLTL MATL
& MATL MATL MATL MATL LENGTH ANGLE'/ T27, *t(CM)
$(CM) 34 4-5 5-6 6-7 7-8 B~9 9-10
$(CM) (RAR) ")

NUMS=NOP

b0 31 I=1,NOP

1SEG=2

IFCASYFL(I)) GO TO 30

TVv(1)=n.0

READ(T » 61 (GFO(I L) ,d=1,12)

FORMAT (F10.6+TXeF6E 521X 2F6.4,TFS5.3,F8.4-,F103,.7)
WPITEC(3262)YANAMEC(T) A ANAMECL +NUM)ISANAME (T +NUMM22) L (GEOVCIL ,J)»d=1,12)
FORMAT (X, 3A4 1K, F 1) .0, X0 F O . SoMNsFa.S5,1X,8F8.8,1X,F1D.7)
CALL DEFRGCI ,IMIN,IVMAX, MAT,NODE)

NU=NODE +1

NA=GED (I ,1)/PI

D(3)=DA-GEO(I,3)

K=LMAT +1

DO 15 J=4,10

D(J)=D(U-1)*GEC(I.,J)

N=K=Jt1

1FCJ.EQ.X) GO TO 17
DROIANUMAIN=-1))=(D(J=1)=D(J) I/ 4. /DFLOATCIMAX (N)~IMIN(N) +1)
16=2*CIMAX(N)=-IMIMN(N)+1) -1
DRCI#NUMH(N=1))=(D(J~1)~D(J)ID)/2./DFLOAT(IF)
DRCIWNUM*Y(LMAT-2))=(GEQ (I, 3)~GEOXI,2)) /4. /DFI1NETCIMAX(LMAT-1)~-14]N
J(LMAT=-1)+1)
CROTHNUMN(LMAT=1))=GEN(T1,2) 74 . /OFLOATCIMAXC(LMAT)~IMINC(LMATIHY)
SFG=GE0Q(1.,12)/2./P1

K=1

VI (I +NUM*(K=-1))=0.

R(I)=D.

RII+NJIM2(NU-1))=DA/2.

H0O 10 N=2,N0OTE

IF(N.GE.IMIMIK) CAND N.LE IMAX(K)) DD=2 .ADR(I #NUM»(K~1))
IF(N.GT L IMAXIK)) GO YO 11

RCISNUMS (N=T))=RETI+NUMK (N=2) )+DD

IFCYI.ST.ISPHER) GO TO 33

1$EG=1

SEG=GEQ(1,12)#«PJa(1_ ~-DCOS(GEO(I,T1)P]))
VIIHNUMR(N=1))=C(CRUTANUMA(IN=1) ) +DRCTINUMT(X=1)) ) a3~ (RJ*NUMR(N=T)
$)-DR(I ¢NUMe (K=1))) *&3)aSEG/ 3,

G TO 34
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33 VAI+NUMAMIN=T1 ) =PI (R (T ANUM T (N~ 1)) +DREIANUMK (K=T13)) 2w 2~ (R{T4HNUMA (N
$=1)) =R (CISNUMK(K=T1)) )42 2)*G L OC1,11)25E0
T4 VT{IANUMA(K=1) ) =VT (T ANUNRIK =) Y ¢V LT +NJMR(N~-1D)
TV(II=TVOD VI NUMR (N-1))
(2 10 1n
11 K=x+1
DO=DNRCI+NUMN (K~-1))+DRUT4NUMR (K~2))
VTI(THNUMRA(K=1))=().
GO TO 1°¢
17 CONTINUE '
GG TO (35,34),155G
36 VOII=P I *DROIIXDRCIIAGEQ(TIL,T1I%SEG
ACCI)=GEDOCI ,1)AGEO(I »1T1)ASES
G0 TO0 37
35S VOD)=DR(II*DACIDSDRCIIwSEG/ T,
ACCI)=R(IANUMANQNRE)*x & SEG
VT(X)=vT(IY+V(])
TVI)=TV(I)4+ V(1)
6N 10 319
3 MAS =N UMS -1
31 CONTINUE
Do 790 N=1,MOP
IFCASYFL(N)) GO YO 70
CALL DEFSRGINL,LMAT,LNODE ,2)
NU=NODE +1
ARTTECT 63 HAANAME (N) LANAME CN4NUMY SANAME (NENUMR2) ,ACIN) ,TV(N)
WRETEC3,64) (VT (HANUMY(K=1)) ,K=1,LMAT)
WRITEC3,65) (DRONENUMR(K=1)) ,K=1,LNAT)
WRITECT L AB) (PUNHNUMS (K=-1)),K =1 ,N)
WOITFC3,67) CV(N4ANUMR(K~-1)),K=1,NODF)
TOTV=TOTY+TV (V)
TOTA=TOTA+AC (N)
740 COHTINUE
53 FrRIMNAT(//TIDL*DATA FOR BNDY ELEMFENT',16,2Xs3247/T17, "SULFACFE AREA (
FSULCM) *L2X , FI0 3,765, TOTAL VOLUME (CUEFIC-CM)*L,4%,F10.% )
S4 FORMAT (323X, VT (CUBLIC=CM) o2 X, (T20,10F11°.3))
59 FURMAT(3Y,'DR (CMI',2X, (T2U,Y0F10.30)
66 FORMAT CIXL"REDIUS (CM) ', 22X, (T2D,10F10.43)
57 FORMAT CIXA'VOLUAE (CUBIC=CM) ", 2%, (T20L1F1G. 3
TGTA=TOTA/TICCCY O
WRITE(3,A9)TOTV,TUTA
69 FARMAT (//71X,TOTAL BODY VOLUME==>,F11.3%,% (CUBIC CM)',T6l,°TnTAL
F CODY AREA ==>'L,F10).3%3,"' (SAU'RE METERS)'/)
RETURN
Fup
SUBROUTINE DFFRGILSEC,IMINLIMAXY LMAT,NODE)
IYPLICIT REAL*S {(A-H,N=-7)
DIMENSION ITYINCTU), IMAX(Y ) LIDOI26)
COMMON ZLID/NIMLISFHERANUMS,TSSANOPLID
17=1
ENTRY DEFSEGCILSFC,LMAT,,NODE ,17)
No=1odLseQ)
NCNF=)
ne 1S I=1.10

w
ﬂ




e s
15 VA b -y -

15

18

[\ SV

16

NE=NO/ 1D
[ICC=ND ~NEA1)

NO=NF

LFCICC.FO.0) nOo YO 18
IMINQI)=J1CC

NOPE=NODE+ICC

1=1+1

RER ]

LMAT =)

G0 10 (26,3ﬂ),l?

RETURN

ISTOR=IMINCT)

IMIN(YI ) =1

IMEX(1)=18T0R

00 16 K=2,4

ISTOR=IMINCK)
IMINCC) = IMAX (K~1)+1
IMAX(<)=!MIN(K)*ISTDP-1

R¥TURN

END

LOGICAL FUNCTION ASYFLC(])
COHMON /L IAZTIACY)

IFCINELIACYI)Y) GO 9 5
ASYFlL=.FALSE.

RFTURN

IF(I.5T.IACT)) GO TO -

ASYFL= _FALSE .

RETURY

ASYFL= . TRUE,

RETURY

END

SUEBRQUTINE MUSCLF(I:J;K:L'M)
DIMENSIQN I1mucy)

CC”MOV!LYMU/IMU
J=IMU(I)-(IMU(1)/1J)*1O
K=(IMU(l)~(INU(1)I1)°)*1SO)/13—1
L=(INU(I)~(IMU(1)I1300)*1COO)I1UO-1
M=IMUCT)/Z1000-1

RETURY

END

SURROUT INE TERPNG(TABLLpCOThBrGIVanANT,INDEX)
IMPLICTITY REAL*E (A~ti,0-2)
DIMENSTON TARLF(XNDEY)'COTA3IINnEX)
IF(GIVE.LT.TABLE(1)) GO TO Y5
IF(GXVE.GT.T#BL&(INDEx)) 60 10 35
1F(1NDEX.GT.1G) GO TO 40

L=1

WAMTY=COTAB (L)

PROD=1,

IND=INDEYX -1

60 T0 18

pN 13 ILA=1, INDEX

LA=ILA

lF(Y&BLE(LA).GF.GIvE) GO Y045
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gL 13 CONTINUF

&t 45 LIFCTABLECLA)Y .EQ.GIVE) GO TO 60

4 IFCLALLE_T0) IND=1D

R TFCLALST.1D) IND=LA

S & L=1IND-9

> { WANT=COTAR(L)
PROD=Y .,

16 DO 10 13LL,IND
PROD=PROD*(GIVE-TARLE(T))
DLVDPEE=D.

[A=1+1

D ) K=L,1A

brrRID=1.,

DO 25 J=L,IA

1FCJ.EQ.K) GO TO 2%
DPROD=DPROD* (TATLE(K)=TABLE (J))

25 CONTIVUE

3 DIVDIF=DIVDIF+COTAEL(K)/DIROD

1% WANT=WANT4+PRODKDIVDIF
RTTURN

15 WANT=COTAR(CY)

WRITE(3Z,S3)GIVE
RETURN

35 WANT=COTABCINDEY)
WRYITE(S,57)GIVE

S FOQMAT (1X,"THE VALUE HEING INTERPOLATED (',E16.8,") FY¥CEEDS TARLE

i IRANGE, STANDARD FIXUP TAKEN®)
’ KF FTURN
5 WANT=CCTAB{LA)
RETURN
END
N 3.000 2 7
12 3456 F 710 912113413 00 00 06 0D UGNDJ2OLCDNDODOCDINIDDD
2111 2111 21111 2111 21111 21111 2111 2111
. 2111 2111 2111 2111 2111 2111 n n
H x 0 0 0 " 0 0 9
LS ‘ 0 0 8 i 0 r 0
¢ v 0 0 o) R 0 C a
+ 0.9 c.0 g0 7.164°€5 D.u
L0 CL.RO0784 TL.RM78¢L 1.009RND 1.0.,48N0
1.7712% 1.771¢ 2.12617 Z.12717 0.0
A 0.6 0.0 6.2 C.0
n.oe a.C 3.0 0.0 0.0
‘ : oo N0 Vo0 “) oo
§ non r.n ~.n -~ an
- A%12 021 %1 3121 21 2t 2t 2 v v n o
L 0 0 0 N c o 9 o 3 2 0 0 n 0 C
f . 9 L " ( a ( ) ) 0 D G 9 0 .
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- — Y ALY S 7T ey x AR
HEAD FOREMEAD FACE NEL K
ARMS ARPMS HA M DS HaAYDS
FEET FEEY NOT USED NOT USED
NOT USED NOT USED MOT USED NOY USED
NOT USED NCT DSED NOT usrp NOT USLER
NOT USED NOT USED NOT USEL NOT (ICED
65.6761020 . 40001 ~R150 (k% .0 o D L O
65.676020 _ 40901 <8164 856 .0 L0 Nt e
GO GOBGT70 .6 00T 19725 796 .49% .0 .0 .G
35.674717 , 21623 0.8161 .%9% .9 N . 0 D
80, 8422649 , 444P8 3.1421 7RO _R47 . .G N
79.193452 . 332K L1832 7903 93K 0 e O
26.269%37 _ 34 L0018 L1495 D ot « G
16.207183 44 1.4393 _454% 0 . O 0 O
35.96bK34 . 4D 2.126% .51% .0 .0 .0 A
C2.60G4526 .48 2.3457 ,735 .0 .0 .0 O
«2U601 .8 29.45 29 .45 09599909
26571 1.0 29 .48 29.45 9999999
< 31301 1.0 29.45 29 .45 L799090
« 32251 6933 29.45 29 .45 09999993
. 110701 n.?773% 29.45 29.45¢0C .0909999¢
L15%401 J.7105 29.45 29 .45¢0 .09999999
« 32371 C.677¢ 29 .45 29 .45 .N9000003
1437 0.7785% 29.45 2% .45 (9999003
L2311 0.6129 29.45 29 .45 .N9996999
~TRYN 0.934 6 29.45 29 .45 09490996y
1.35 LERT 4.534 1309S. %
1.50 5256 10.000 0.
0.55% 840 1.376 0.34
1.1 .92 69 1,797 100,
1.05 PR3 6 .5364 219N,
1.5J .52%6 10,000 N,
0.55 LH4 0 1.375% 0.2s
1.00 92¢9 1.797 17.
1.05 9269 3.612 81,
1.5 5254 L.o00 C.
1.05 L9269 3.612 180,
0.&88 04 U 1.37% D.5
1.20 2269 1.797 S50,
1.3 L5254 3004 n.
1.C5% 926469 3.61°2 3,
.55 A4 10 1.%37¢ 0.2%
1.0n 9269 1.797 3C.
0.55% 9269 2.4e°c 17:0.
1.360 L5254 5.004 n,
1.N05 L924HY 3612 PHT.,
D.&2% AL 1.376 RS9
1.0u D249 1.797 L4,
1.05 .F83 4. 770 3667C. 15
1.34 .5256 5.00%4 A
1.05 9269 X.612 4327, 1
G.&5 AL 1.%74 22.7
1.00 9269 1.797 6210,
1.70 5256 19,6234 [
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THORAK

L'GS

UsED

USED
NOT USED
NOT Urgp

N o
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L0001
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USED
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1.05 9269 3,612 2560, 9500,
n.&5 L6410 1.176 ?.5¢8 11.7
1.0n L9249 1.707 480, 2608,
1.76 5256 16,608 0. 0.
1.05 L9267 1,612 160, 537,
0.85 643 1.374 1.03 469
1.00 L9269 1.797 160. 2216.
i.70 5256 10,608 . 0.
1.05 9268 3.617 4240, 13830.
0.85 640 1.376 11.64 51.8
] 1.09 L9249 1.797 850. 4203,
K 1.70 5256 19,608 n. 0.
4 1.05 9269 3.612 250. R10.
0.5 &40 1.374% 2.43 11.03
1.00 5269 1.797 220. 1880,
393, 64, 184. 200.1579.2843.1607. 603.3816. 83N,
29 .4571 G.1 5.3 n.n 9.9

.01
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S0030.0000.0000.0000.1135,1¢65.0800.0100.6002.01080
LMNIC.00NN.D339Y.0436.4414.460611.0276.0004.0113.0C07
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. i}a0) 0.141 LN30 %00, 9 1.35 75.0
g 9936 .99 33.0 10, 10. 1.5
. 28 .5001 0.1 n.3 0.7 160666466 0
] 28 .52uU1 0.1 1.3 0.l 16666666 G
L 23 .50C01 0.1 0.3 0.0 16686666 00
3 4 .70 0.1 J.3 n.on .00333333 ° 0
4 6,701 n.1 0.3 n." LAN33333 o o0
1 6. 7001 0.1 n.3 n.o L003%3333 .
E 4. 7001 0.1 0.3 3.7 .0033%333 0
1 4 .70C1 0.1 0.3 .0 00333333 7 0
4 4.7701 0.1 n.3 2.9 LO08X3233 00
3 .77 N1 .3 n.n .NJ833233 N
) 6. 700 0.1 n.3 0.” .1083353%3 0
4 473061 0.1 0.3 0.2 00833333 O
. 4 .7701 0.1 0.3 0.7 LO08335133 (8
E .70 0.1 0.3 no .N083333% 1
. 4.7001 0.1 0.3 9.0 L0R33133 o
4 6.7501 0.1 0.3 o0 .NDB33%33 .
E 4 .7001 0.1 0.3 9.0 LO16K6686 0 C
-3 .70 0.1 G.3 2.2 L016665666 0
3 4. 7501 n.1 7.3 oL 1666566 T 0
E 4.7001 n.1 2.3 n.n 1666866 T 0
3 4. 7501 o1 .3 g.n LJ16486666 00
z 4,760 G n.3 2.2 1685666 7 O
E 4. 72701 n.1 0.3 0." Di6660666 O 0
q 6. 7701 "L N3 n," N1666666 0
r 4,701 n.1 2.3 0."” 01666666 00
& 5. 7001 . J.3 n.: 01666666 00
3 6.7001 0.1 0.3 2.2 Jde1660¢€6 00
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4. 7701 0.1 0.3 0.9 .04166666 C 0
4. 7001 0o 0.3 0.9 04166666 N 0
4. 7001 0.1 0.3 0.0 06166666 © 0
4 .7001 0.1 0.3 9.1 .04166666 € 0
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47701 0.1 0.3 n.o .08333333 . 0
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APPENDIX C

THE MONTGOMERY MODEL
(MODIFIED)




The Montgomery model wes Implementad as a FORTRAN program. It has
run on toth an {84 370/168 and an IBM 3033. On the IBM 3033 a ninciy=minute
simulation requires approx!mately twenty-alght CPU seconds. The fallowliig table

lists the major varlables of this model. Followlng the llsting of the ..odel,

its input data and & typlcal output, there are Instructions for using it.

MAJOR VARIACLES OF THE MONTGOMERY MODEL

Symbnl Definition Units
A(N) Area of the mid-plane between compart- 2 |
ment N and N+1 ;
AL(I) Wet suit half-thickness covering
segment I M
AT Adipose tissue weight KC
BFB(N) Bausal blcod flow to compartment N L/HR
BFWT Body fat weight M
‘ KCAL
BM Diver‘s basel matabolic rute M‘?:{}?
c(N) Thermsl capacitance of compartment N kcaL/°c
CM(N) Radius to the center of mass of compart-
nent N M
po(1) Cutside diameter of Segment I M
; HAR Height of arms segment M
: i Height of feet segwent M 1
HHA Huight of hands segment M i
HL Height of legs segment M :
] HSS(I1) Thermal conductance betwsen skin and
3 wet suit »f segment I KCAL/HR-OC
HT Diver's height o™
HTR Height of trunk segment M
K(L) Thermal conductivity values of different KCAL
materials M-HR=2C
v LBWT Lean body weight GM
NAT Non -adipose tissue weight KG
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Symbol.
PBF
QB(N)
Qe

QSF
R(N)

FMP(N)

s(I)

SG
SWT(N)

Tc(N)

THWS(I)
VAR
VF

VHA

VTR

WwC

Delinition
Diver’s percent body fat
Basal metabolism of compartmen; N

Total basal metabolism of body core
excluding head and trunk core

Total basal metabolism of muscle

]
Total basal metabolism of skin plus fat
Radlus of compartment N

Radius to the mideplane between com-
partment i and N+l

Outsicd=2 surface area of segment 1
Total body surface area

Specific gravity of diver

Body compartment (N) weight

Thermal conductance between compartment
N and N+1

Wet sult thickness covering segment I
Volume of arms seyment

Volune ¢ feet segment

Volume of hands segment

Volume of legs segment

Volume of trunk segment

Weight of body core

Total welght of muscle

Wet sult specific heat

Wet sult density
Total weight of skin plus fat
Diver's weight

Hest transafer length between compart-
ment N and N+1

-2

Units
N.D.

KCAL/HR
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Symbol
COND3

DEN
DILAT

E(N)

EB(N)

EB

ERROR(N )

F(N)

R(I)

HF(N)

HO(X)

HTBRAL

Deflinitlion

Total body heat loss to embilent water

Density of ambient water
Total efferent skin vasodilation command

Integration step

Total eveporative heat loss from N

Basal evaporative heat loss from N

Total respiratory heat loss

Qutput from thermoreceptors in compert-
ment N

Total eveporstive heat losas

Rate of change of temperature in N

Total environmental heat transfer
coefiiclient for Segment I

Rate of heat flow into or from N

Total rate of heat flow to or from
the body

Water-wet sult surface heat transfer
coefficient for Scgment I

Total metabolic heat production

S‘otal body heat balance

R b O A T TV TR TS, [T T O s P Ve £y % e XTSRS S AR A W A s

Unlts
KCAL
ME Bt
Kn/M3

e _
HR

M"=HR
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TR S LRI AT AN S

SxmbOL
H200U7

I
ITIME

o
e

" g

ER

Q(N)

RATE(N)

RE(I)

RHEAT

RHL

s(1)

LB R A gt R el Ak A

Definltion

Total water logzd rate in expiratory ges

interval between ovtputy
Elapsed time
Elapsed td..me

Metabollc hcat productior = HF
{Print out label)

Dynaale viscosity of water

Water vapor pressure table from C)«SOOC
Vapor pressure of environmental air

Satursted water vapor pireasure of
inspired air

Saturated water vapoir pressure of
expired ajir

Prandtl Number of environmenta) water
Total metabolic heat production in N
Dynemic sensitivity of thermo-
receptors in N

Reynolds' Number of body Segment I

Respiratory heat generation rate
Respilratory ieat loss rate

nate of body heat storage = HFLOW
(Prirt out sbel)

Surface area of Segment I

GM
HR

Mo R

HR=M
mmn Hg

mm Hg
m Hg

mm Hg
N.D.

KCAL
HR

O S R R N
m ,;&.:;..:;‘ﬂ



Symbol Definltion Units
SA Total skin surface area M2
SBF Total skin blood flow L
MIN
SKINC(T) Fraction of vasoconstriction command
: applicable to skin of Segment I N.D.
)
SKINR(I) Fraction of all skin receptors in
3 Segment I N.D.
SKINS(I) Fraction of sweating command applic-
r : able to skiu of Segnent I N.D.
SKINV(I) Fraction of vasodilation command
: applicable to skin of Segment I N.D.
STRIC Tutal efferent skin vasoconstriction
command N.D.
E sV Specific volume of water M3/KG
: SWEAT Total eiferent sweat command KCAL
' HR
ol
T(N) Temperature of N c
TR Mean weighted body temperature C’C
TD{ N) Conductive heat transfer between KCAL
N and N+1 HR
T= Absolute temperature of expiratory gas OK
TH Temperature of the head core, repre-
senting the hypothalamic temperature =
(1) %
(Print out label)
TI Absolute temperature of inspiratory gas O
TIME Elapsed time MIN.
™ Temperature of muscle compartment in
the leg = T(47) %

(Print out label)
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TS

TSET(N)

u(x)

VE
VEMIN

WARM(N)

WARMS

WORKM(I)

BULL

CCHIL
CCON
CDIL
Csw
SCHIL
SCON
SDIL

5SW

Definition

Temperature of the central blood comparte-
ment, repregenting esophageal temperature =
7(61)

(Print out label)

Trunk core temperature regreaenting

rectal temperature = T(1l
(Print out.label)

Mean weighted skin temperature

"Set point" or reference point for
receptors in compertment N

Overall body Segment I wet suit=
water heat transfer coefficient

Respiratory gas expiration rate
Respiratory gas expiratory minute volume

Output from warm receptors in N

Integrated output from skin warm receptors

Fraction of total work done by muscles
in Segment I

Factor determining temperature
sensitivity of sweat gland response

Shivering from head core
Vasoconstriction from head core
Vasodilation from head core
Sweating from head core
Shivering from skin
Vasoconstriction from skin
Vasodilation from skin

Sweating from skin

c-6
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PCHII, Shivering from skin and head core
FCON Vasoconstriction from skin and head core
PDIL Vasodilation fram skin and head core
PSW Sweating from skin and head core

c-7

Unlts
1/°
1°¢%
L/HR-°c?
KCAL/HR="C

WS



COMMON /PASSZALCB) DN (6) +HSS (DY ,S(6),TC(H02,QR(H60),BFR(E0)
*pC(O7) ,CSCT) ACB 1) LRK(H)

CALL SIZ¢t

CALL WE ITMAN

sTop

END

SUBROUTINE S1IZE

C 7T41S PROGRAM 1S FOR A FULL WET SUIT HEAD QUT

REAL NAT.,K

DIMENSION K(3)

DIMENSION XTEN) LRMPIAD) 4 2(6D)

DIMENSION THWSUO),R{56)Y,CM(H6) ,H(6)

DIMENSION SWT(61)
COCMMON/PASS/ZALCE),DOCH) #HSSCO) »5(6) +TC(E0),OBR(COHD)LRBRFB(O6T)
L, (67) +CS(1),CBUT),RK(O)

DATA WHSCP/7U.257,4S0/2641.0/,856G70.07

DATA THWS/D . 06212+,3.0003%312,0.066312+,).706312,0.006312,0..006312/
DATA X/0.3193,0.1419.,0.046/

DATA RK/N,03711,0.43711,0.03711,0.03741,0,08%57211,0,03721%/
READ(T ,3)HT WY

3 FCRMAT (2F1U.9)
READ (1 ,7)RM
7 FORMAT(F1,5)

TF(SG,.GT.0.0)X00 TO 5

SOV B84 ((HT**D,742)/7 (T o0, 1))+, 167
) FBF=(5.54B/7S0)=5.044

BFWT=PYF *WT

LUWT=dT~BFWT

SA=71,.84*((WT/1000) X0 _425) %« (HTxal) 725)

S{1)=],07+xSA*{,. 20

$(2)=).3602*SAx7 00D

S(3)=D.13412CSA» .30

SC4)=2,N5&SA ", DM}

S(5)=D L3174 *SAxG, JUMN

5€6Y=] G686 *SA*T . DU

AT=AlfdT»Y.001

NAT=L3WTA0_ 0N

DO 2 1=1,4

2 SWTICI)= (U164 (0 B85 24 N)IANATH(D G247 (5 6504 (1)) aNAY
DC 4 J=5,8

4 SWTI(I) =C0.005/C0.B526.N))*N"T

SWY(9) =(3,305/3.15)~AT
SwTC1D) =(Li.NCIAL I 853)YANAT
DO 6 1=11,14

6 SWICI) =0.0387C0 8524, 02)*uATH (T 15700 kSl D) )aNRT
DO B 1=15,18
4 SWTCEY=(0.246 97 C1.85%4,0))aNAT

SWT(19)=(U, 09571 .15) AT
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10

i?

14

180

200

22

24

340

340

36

62

L4

SWT (21 =CU. 0181 /0 .65)*«NAT
00 10 I=21,24

SHT(E) =C0.N202FCI.85%4 . 0))ANATH(O, G0, 85%4 .CIIANAT
DO 12 1725,28

SWT(I) = (,0453/C1,.85%4,C))nvy AT

SWY(29) =((.013/70,15) #AT

SWTCED) =80, 0065/0.35)*NAT

DO 14 1=31,.34

SUTCE) = (0.N0317CD.R5%4 M))ANAT+(O. 0006/ (D .85 +6 0)InNAT
DO 16 1=35,35 °

SWT(D =C0.001/7¢0.85%4 .0)IANATY

SHY(39)=(0.002/70.15)*AT

SWT(&D) =(0, (N25/0.85)&«NAT

DO 180 I=41.44
SWTCIY=(0.0673/CU.8544 0))*XNAT+(D. 02587 (D . &5+4 0))*NAT
DO 203 I=45,45

SWTCI)=(0.13687(0.85%4.0))%VAT
SWT(49)=(0.032/0.1S)#AT

SWTCS0)=(0. 0161 /N, 8S)*NAT

DO 22 I=51,54

SWI(I) =(C.005/€0.85%4 ,0))I*NAT+(0. 00087/ (D.85%4.0))+yAT
DO 24 1=55,58

SWT (1) =(0.001/7(D.85%4 0)IxNAT

SWT(59) =(0,.0C35/0.15) AT

SMT(6))=(DN.0032/70.85)*NAT

SWT(61)=2.50

PO 26 1=1.4

COII=CO.5(C . L16470,.85) RNAT+0_ 9%(0 . 024 /0. 85) ANAT) /4 .0
PO 28 I=5,8

CIY=] .9*SHT (})

CCYY=, 6%SWT(9)

CCICI=0  OesWT (T

DO 300 1=11,14

CO1)=(0. 52 (0. 038/0.85)%NAT+” 9= C0.159/0.85)*NAT) /4 .0
00 323 1=15,1R

CLIN =D, 9*SWT ()

CLI19)=0 . 64SWT(19)

CC2MI= 0. GrSWT(20)

DO 340 1=21.24

COY=(0,.54¢0 ., 0202/70.85) aNAT + 1, 92 (0. 01/0.85)*NAT) /4.C
DO 36 1=25,28

CCI)=D.9«SaT (1)

CL29)=0.6*3WT(29)

CC30)=4 .9%SWT(30)

DO 38 1:31.,34

COIY=C0 . 5% 208179, 55) «rAT+ (1. 9a (0. 002470 B5)%NATY/ 4.0
PO 4. 1=35,3%¢¥

C(1)=),9%SuT (1)

C(3PI=01.6%SWT(3Y)

CCLNY=T.90SWT(L0)

DO 42 I=41.,44

CI) =00 . 5% (N . 67370, RS w AT+ L, 9%(0 N2SR/O .85 IANATI/ 4.0
DO 44 I=45.,44%

CCId)=D.9«SWT (1)
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CCavI=0_6%SWHT(4?)
COSMI=0.9+SWT(SD)

DO 46 1=51,54
COr1=00.52{0 . D05/Q. 85 » AT+ 9n (. 0008/
DO 48 1=55,.53
CO1)=0.9*SWT (D)
COSYI=0 L 6RASHT(59)

CCOCI=C . 9*SWT(H0)

CCH1 =00 9aSWT(HT]

0O S0 1=11,14
CCY=CC1d-CCE1)Y /0.0
CSEII=C I HC(23+C L3N 0L NIACC(SN I +CLA™)
(B(13=0.9

DO 52 I=1+61
B8(1)=CB(1)+C(1)

CONTIVUE

GSF=u, 3« (0. 0S6&2aNAT+ 1, TwAT !
QM= (N1 Ex{BMASA/ TG0 )Y -GSF
GC=0 10 R (BMASA/1G00D

WSF= OSHRE2aNATH T KA
WY=L 59NAT

WC=D0 T TESANAT+0. 2508842 AT

DG 54 I=1.,4

OB CI)=SWT(L)*QC/WC+] . 04> (BM*SA /10000
DO Sé& I=5,8 '
GLCIY=SWT(TI)2uM/ M
GE(P)I=SWT(Q) QS F/WSF

GRETMD) =SWT(I")®QESF/4SF

b0 58 I1=11-14
OBCI)=SWTUI)AQC/WCH+D, 142 (B SA/Z1000)
DC 67 1=15,12
GROI)=SWT(I)=QM/wun

QI =SWT(1P)*QSF/JISF

AR (2)) =SWTL2T)*QSF/ASF

DO 62 1=21,24

CROID)=SWT(1) «QC/W(

DO 64 125,28
GR(I)=SWTCI)»uM /M

DO 66 1=29,3%

AB(I)=SWT(L) *QSF/WSF

DO 68 1=31,34

QE(I)=SWI(LI) *0C/w(

DO 70 1=35,3a
AB(I)=SwT(lY*GM/uWM

D0 7?2 1=39,4
QB(I)=SWT (I )+QSF/WSF

DO 74 1=41,404
@otl)=SWwiI(I)+*uC /=

00 76 1=45,4~
A8CI)=SWT (1) »Qm/um

DO 7R 1=49,5,
QB(1)I=SWI(I)*GSF/4SF

DO 87 I=51,5%4
QB(I)=SwT(1)~0C 7u(

SHOIANATYY /4 LD
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84

86

RS

99

92

: 9

DO 82 1=55,5%
AB(I)=SWT(]1) +QM /WM
DO B4 1=59,6"
QB(I)=SWTL1) #uSF/WSF
b0 B6 1=1,60

BFE(I) =1.2*x083(1)

DO B8 I1=1.,4
8FB(I)=11.2%

DO 91 I=11,14
RFB(1)=4%2.5
BFECTID)=S5.344SWTH(TYM)
BER(2J)I=1.56*SWT(2L)
BFB(3D)=1.352SWT(3:}))
BFB4D) =S5.58+«SWT(40))
BFB(S0)=0.84*SWT(50)
BFB(6D) =2.34+xSWT(60)

REI=C (D, 003*SWwT(1)2/12.56)%%x0,333)

b0 92 1=2,10

RCII=((RCI-1D)**x3 . 0)+((0.003*SWT (1)) /12 .56)2%*(0.333

RCOTI=RCTL) +THWSLT)
VIR=0.1

DO 94 I=11,¢C
VIR=VTR+SWT(I)*(.0u1

HTR=(S(2)*%x2 () /(12.56*xVIR)
IS PREVIOUSLY DIMENSIONED Axawn

Coxax2CHANG: A TO AA. A

4 96

98

102

104

AA=D_301
R(20)=(22VTIRI/S(?2)
b0 96 1=1.9

J=e2t1-1

ROJ=1D) =((REII*x2)=((AA*SWT(I)II /(3. 142HTR) D) a1,5

CONTINUE

R(62I=R(2]) +THWS(2)
VAR=:, 1)

DO 98 1=21,3.
VAR=VAR#SHT(]1)*x .00

AAR=(S (3)#a2 )/ (12.5ArVIF)

REINI=(2.04VvAk) /S(3)
pe 100 1=1-%
1=31-]

RCGI=1) =R (IIna2) = ((RAANSHT(JDII/ (T 14+HAR) ))& DS

CONTINUE
RCHII=R(ZV)+ THWS(3)
YHA=0.0

PO 112 1=31.,40
VHASVH A +SHT (1) 70U

HHA= (S (L) ea?2 Y/ (12.562VHA)

R{el3d= (2 .0wVHA)/S(s)
DO 1 W% 1=1,9
Jzé 1=}

REI=1) = ((REIDI*a2Y=({APRMSLT (I /S T42HHR) I DN (LS

CONTINUE
RC64)=RILD)+ THWS (4)
ve=",J

po 1% 1=41,50

MR



108

110

112

114

116

118

120

122

124

126
128
130
132
134

136

VL=VLFSWT(I)*Q. 001
HL=(S(S5)*%2 () /(12.56*VL)
RES5M)=(2,.0xVLY/S(5)

b0 198 1=1,9

J=51-]

ROJ=1)=C(ROJI**2)=(CAA*SHUT(ID) /(3. 14%HL) D) *x (.5

CONTINUT
REHESI=R(SU)+THRS(S)
VF=0.0

PO 11D I=51,¢u
VE=VF+SWT(I)»0. 001
HF=(S(6Y%x%2 )/ (12.56%VF)
R(o0)=(2.1xVF)/S(8)

0O 112 1=1,9

J=61-I

RGI=1)=((REIDI**2) = ((AAXSWT(J)) /(3. T4xnE)) )k (1.5

CUNTINUE
R(66)=R (LGY+THWS(6)

CM(1)=0.793742R( 1)

DO 116 I=2,1U

CMCId=0 . 79374 ((REI=-13*%3)4(R(YI*%F))wa{1,.33%3
CMEOT) =L 79374 C(RCINI **3)+(R(61IA%T))aa(,, 3373
CY(11)=0.7D71xR (1)

DO 116 1=12.,20)

CATII=0 70714 ((RCLI-12%%2)4 (R (I)ax2))nn",
CM(62) =C. 70712 ((RC2D) %% 2)+(RCA2IA%2))aA(.5
CM(21) =0.7071%R(21)

DO 118 1=22.,3"

CMI)=N 707 1% ((RUI=1)#42)4(R(I)#*2))%xn).5
CM(O63) =0 70714 C(RC3DI A4 2)4{R(63)%%2))n 47 5
CM(3IV = 70712R (3%1)

0N 12]) 1=32,40

CHCIY=D 70714 (P T=1)A%2)4(R(T)#22))uxnN_5
Cd(é&)-;.7u71*(('(a))*t?)ﬁ(P(ék)**?))t*ﬂ S
CMELT1)=(.70712R(41)

DO 127 I=4¢.,50

CMAI)=0 707100 RO -1 a2 2)4(N(I)%22))nn).5
CN'65)=0.7071*((9(5))tt?)#(R(bS)**?))t*7.S
CMUSN)=CL.7571%R(H1)

DO 124 I=52,60

CMIY=D_.720721#((R(]~ ~1)402)4(R(I)a22))aaC. 5
cri(en) =0 7’71-((u(o7)*t¢)+("(éb)-~2))~t" S
DO 126 1=1,6¢C

XCI)=Cm(2+1)-Ca(])

DO 12% 1=1.,6

XC100L )=CM(I +60)-CM( 11 ])

pC 130 1=1.,6"

RMP(I)=CM(I)+x(1)/2.1

00 132 I=1,1L

ACL) =21 2.56% (RMP (1 )=e2)

00O 136 1=11,729

A(1)=6  28B2RMI(T)*HTIR

00 136 1=21,7"

ACI3=5 . 29*RMP(])*HAR

Cc-12
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vt b

138
140
142

144

146

148

150

T R RO

DO 138 1=31,40

ACI) =6 (28%aRMFE(])*HHA

DO 140 1=41,50
A(l)=5,28*RMP(]) *HL

DO 142 1=51,¢0
A(I)=6 . 2RARMP(I ) *HF

DO 144 I=1,010

TCL )= (K1) ACYD) 37 X(])
RMPA=CM(B)+ ((R(4Y)-Ca(8))/2.7)
AA=12.56*(RMPAXX?)
XA=R{K)=-CM(§) '
YA=(K(T)%xAA) /XA

RMPR=R (8)+(((M(9)-R(8))/2.0)
AB=12.56*(RMPEX22)
XE=CM(9)-R(E&)

YB=(K(2)+AB) /XB

TC(8)= (YA*YB)/(YA+YR)

PO 145 1=1,6

TCOIIx 1 )=0.0

DO 148 I=1,6

TCCI I I-T)=(K(2Y*A (1 =1))/ X(12Y =1)
H(1)=2.0

H(2)=HTR

H(Z)=4AR

H{L)=4HA

H{S)=HI.

H{A)=dF

DC 150 1=2.,6
RMPAT=CMIDOAI=2 )+ ((R(1=21=2)=CM(T10*1-2))/2.2)
AAT=6. 285 *RMPAT2H(])
XAT=R{(1Mx]-2)~(M(1)x1~2)
YAT=(C C1X*2ARYV)/ M AT

R¥MPRIZROIG2 I =2)+((CM(Tur]~1)=0(1*2]1=-2))/2.0)
ART=AH, 28+RMPRIAN(])
YBI=CW(Tual=~1)-R(1n]=2)
YHBI=(K(2)*ART} /XA

TCOICA Y =2)=(YPI#Y YD /(Y AT4Y 2 T)
COMTIVUE

SMER=CM(IC)F (LROTDI=-CMCTIOYY T 2)
SYPA=12.56% ( SMP R )
SX=R(1D)-CM(IN)

SY=(K{(2)*SMP P)/SX

WSMPR=R (10 +{(Cr (e ) -RC1D)Y /)
WSMPA=12.56% (WSFPR#»»2)
WSX=CN(B61)-R(10)

WSY=(K (3)*WSHPA)/WSX

HSSE1) = (SY*WSY) /(SY+WSY)

DO 152 1=2,6
SMERI=CM(IUt 1)+ {(R(TIT])=CM( 15 ]1))/2)
SMPRI=6 284 SHPRT#K ()
SX1=RC10#1))-CF (1L 1)
SY1I=(X(2)*xS¥PAT) /S Y
WSHPRTI=ZROIU*IIA((CA(TI+6t)=R1Ie]1)2/2.0)
WSMPAYI =6 _ 2o WSHIPRTI*H(T)
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WSXT=CMOT+60)-R(10*]1)
WSYT1=(K(3)xWSMPAT/dSX1
HSSCI»=(SY1*#WSY1) /(SYT1+WSY1)

152 CONTINUE
0C 156 1=1,6

154 AL (1)=R(I+6C)-CM(I+51)
DO 196 I=1,6

156 DO(I)=2.0#R(1+460)
SC1)Y=12.56x(R(AT)n=x?2)
DO 158 1=2,6

158 S(I)=6.28*R(1+LTY*H(]T)
CC62)=WSCPAWSD*T 333+ _14%((R{E1)*+3)-(R(T10) *x 1))
DO 1¢) 1=2,6

160 CCI+61 ) =WSCP*USD* ((R(IFO6MN*x2)=(RCI10*]1 )2 n/l)) sH(I)x3 14
SAA=SA /710000.0
VHEAD=(O .U
pe 162 I=1.10

162 VHEAD=VHEAD+SWT (1) D, 001
WRITE(3,361)SG,PRF,SAA

361 FORMAT (1X,"BODY S.G.=',F7.5,2X,"% BODY FAT=",F/ .4,
L2Xs"SURFACE AREA=',F7.4,°'SG m')
WRITECS,37)ATANAT

37 FORMAT (/,1X, *ADIPOSE TISSUE WY .=',F 7. 4,1X,'CG"»2X,
E*NON-ADIPOSE TISSUE WT.=",F7 4,1X,'KG")
WRITF(3I,20)RCCIL),VHEAD

35 FOPMAT (/7,10 , "HEAD RADIUS=",F7.4,1%X,"M',T3(;," HEAD VIL.="'.,
RF7.4,1X.," CUEE")
WPEITEC3,31)HTEL VTR

31 FORMAT (1X,"TRUNK LENGCTH=',F7 b, 1X,"0 ', T30, "TPUNK VOL.="',
SF7.4,1X%X,'M CUPF ")
WRITEC3,32)HAK,VAR

32 FORMAT (IX, " ARM LENGTH=" ,F7.4,1XY,"1 ', T2, YARY VIL .=*,
S F7.421%X+'M CUBE')
WRITE(3,53)HHA, VHA

33 FORMAT (IX, "HAND LENGTH=",F7 .4, IX,"M", T30, "HAND VOL.=",
& F7.4,1%X,'M CUBL')
WRITECI,34)HL,VL

34 FORMAY (1X,*LEG LENGTH=",f7_ 4,1X,"M"', T3, "LES VOL.=',
£ F7.4,1%X," Cunce?')
WRITEC(3,35)HF.VF ,

35 FORMAT (X, FOOT LENGSTH= ",F7 .4, 1%, %', T30,F20T VOL.=",
& F7.4,1%,'" (CUBE")
WRITEC3,181)

181 FORMAT (/," FOLLOWING ARE SCI) VALUES IN Su w®)
WRITEC3,S51)(S(I1),121,0)

51 FORMAT (1(AFB 4,/))
WMRITEC3,1:3)

183 FORMAT (/,* FRLLOWING ARE ALCT) VALUFS IN M°*)
WRITEC3,19) (AL (1), 1=1,6)

E 19 FORMAT (1{6F8 .4,7))

WRITE(3,185)

3 185 FORMAT (/. FOLLNWING ARE DDOCI) VALUES IN %)
MRITEC3,Z2M(P0TU1),1=25%,6)

20 FORMAY (1(O6FB .4, /D))
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WRITE(Z,1E7)
187 FCRMAT(/,* FOLLOWING ARE HSS(I) VALUES IN KCAL/NR/DIEG C")
WRITE(3,18) (HSS (1) ,1=1,4A)
5 18 FORMAT {1(&6F8 .4,7))
WRITE(3,189)
3 189 FORMAT (/," FOLLOWING ARF TCCI) VALULFS IN KCAL/HR DEG C*)
WRITE(3,1TICTICCY) ,121,60)
17 FORMAT (6(1CF 7.2.7))
WRITE(3,191)
191 FORMAT (/,* FOLLOWING ARE ACL) VALUES IN 5@ %)
WRITEC3,163) (ACIDY L E=1,60)
103 FORMAT (H(10F7.2,7))
WRITE(3.,193)
193 FORMAT (/," TOLLOWING ARE RMP(I) VALIES IN M*)
WRITE(3,164) (RMP(T),1=1,60)
164 FORMAT (7CI10OF?72.4.,/))
WRITE(3,195)
195 FORMAT (/,' FOLLOWING ARE X(I) VALULS IN M')
. WRITE(3,165)(x( 1), 1=1,60)
165 FCRMAT (7Q10F 7. 4,17))
WRITE(2,197)
197 FORMAT(Z2,* FOLLOWING ARF THE VALUES OF CS(1) AND C3(1)°*)
WRITE(3,47)CS(1).CB(T)
L7 FORMAT LIX,*CSC1)=",F7.3,1T30,'CB1)=" ,F7.3)
WRITE(3,199)
199 FORMAT (/,' FOLLOWING AXKE CC(I) VALUES IN KCAL /DEG-C*)
WRITE(3,167)(CC1),1=1,60)
167 FORMAT(7CI10F7.3,/))
WRITE(3.,20%)
23 FORMAT (/," FOLLOWING ARE @B(1) VALUES IN KCAL/HR")
WRITE(3,169) Q@B (1),1=1,60)
169 FORMAT (7C10F7.3,/))
WRITE(3,213)
2903 FORMAT (/," FOLLOWING ARE BFB(I) VALUES IN L/HR")
WRITEC3,171)(BFP(1).,1=1,60)
171 FORMAT(7(10F7.3,7))
WRITE(3,205)
2nNs FORMAT (/," FOLLCWING ARE R(I) VALUES IN M)
WRITE(3,173)(RC17,)21,66)
173 FORMAT (7(C10F7.3,7))
WRITE(S ,207)
207 FORMAT(/,* FOLLOWING ARE CM(1) VALUES IN M*)
WRITE(3,175)(CM(1),1=1,66)
175 FORMAT (7 (1QF7.4.,1/))
WRITE(3 ,209)
209 FORMAT (/,' FOLLOWING ARE SWT (1) VALUES IN K6 ")
: WRITE(3,,177)(SHT(1),1=1,061)
177 FORMAT (L 7C10F72,.3,7))
RE TURN
END
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SUBROUTINE WFTMAN

KREAL WU

DIMENSTION TCETILTSETYCHN)LRATL(OHY)LF(6T)

DIMENSION WARM(O61),COLD (1) LHF(67),ERROR(6T)

DIMENSION ER(6U)»QC8MN)FE(60) #BF (00)

DIMENSION TDC6(),B8L(H60)

DIMENSION PC11),SKINSC(A),SXINV(H),SKINC(E)

DIMENSION RFE(6),HO (6),U(E)

DIMENS ION SKIKR (6)

DIMENS TON WORKM(A) ,CHILM(O) »H6I,PSKIN(O) L ENAXC(SH)

DIYFNSTON ATINE(Y),ATALIR(9) ,AV(9),ARH(Y) ,AWIRK (YD)

DIVMENSTON A(28R),B(288)

COMMON ZDPASS/ZALCO) »DOCA) 4HSS (A, SIO6) L, TCANY R BCEUIBEP(HD)
*,C67)2,CSE1)L,CRCOYV)SRK(H)

DATA ATIME/D L, 300s00.090.,120.,150.,180.,213.,250./

DATA ATATIR/V1.7,1.7,1 .71 .To 1.7,V 7,0V.7,1.71.72/

DATA I\TAIN‘/'!‘I.H,‘H.S"I‘I.1"11.8,11.#‘;11.8,11.?'11.8/

DATA AV/i122.,122.,122.,122.,122.,122.,122.,122.,122 ./

DATA ARM/IDN.3,0.3,0.3,0.3,0.3,0.3,0.3,0.3,0.3/

DATA AWORK/(U .0 .or0.er1er0.r0.s0.00.00./7

DETA P/&.579,6.5%43,9.209,12 . 788,17.535,23.756,31.824,42.175,
& 5%.524.,71. Here9.51/

DATA TSFT/36.96,36.96+,36.96,36.96,35.07,35.07,35.07,35.°7,
234 .8Y,34.58 436 89,36.869,36.89,36.89,36.28+,36.28,36.28,36.28,
b o34.53,32.62,35.53,35.53,35.53,35.53,34.12,34.12,34.12,34.17,
N 33,59, 338.25,35.41,35.41,35.41,35.461,35%.36,35.356,35.3b,3%,3¢&,
o 39.30,35.22,35.81,35.81,35.81,35.61,35.3,35.3,35.3,35.%4,35.31,
L0346 1) ,35.04,35.14,35.164.35 . 14,35.03,35.03,35.03,35.03,35.11,
v 35.7M,36.71/

DATA ER/4GOX( ./, RATE/ &YX/

DATA SKINR/N.NDA9S,0.46935,0.06806,0_.1845,0_150%5,0.0334/

DATA SKINS/O.P81,0.481,0,156,0.031,0.2%8,0.235/

DETA SKINV/D.132,0.322-0.095,D0.121,0.230,0G.10/

DATA SKINC/O0.05,0.15.0.05,0.35,0.05,0.35/

NATA WORKM/ (L Go 0 07900020 ,0025,0,15,0.002%7

DATA CHILM/D.0065,0.2125.0, "]125 0.0,6.0175,0.0/

DATA CLSW/R2C .07 ,55W/29.0/.PSW/0.0/

DATA CDIL/117.0/7,S01L/7 .5/7-,P01L/0 DY

DATA CCHIL/Q.0/,SCHIL/D.O/»PCHIL/2T .Y/

NATA CCOM/ZS. W/ ,SCON/S.O/,PCON/Q.TYY/

DATE AyLL/1D,0

DATA T /737 .7+s37.0+37.7,32.7,37.0370+%7.+37.+,3¢.,35.3+

& 37,7637 743772377236 .+36.+36.036.,36.,35%.3,

S e e 35 . 35,35, 35,350,350 30,.030,.,30.,

& AN L, L, L 15 .,35.-25.,35.,35.,35.,34.5,

bk 35.HT , 35,871,395 . 81,35.01,39.3,395.3,3%.3,35.3,35.31,34,1,

3N TS a8 a5 e 35 35 L35 0,35 ..35.,32.8,35.710,
Po34.5%,33%.,33..33.,34.,32.1

DATA IM/R0, 4/

KX =/

JJI=468

DO 99 I=1,6

RATE(1O*1)=0 .03

KEAD (1 +,5)PR, M, SVL,COND
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5 FORMAT (4F13.%)

READ(Y ,A)YTAMLPRA,MUA,SVAR,CONDA
b FORMAT (S5E10.5)

S5A=0.D

DO 110 K=1.6
110 CA=SA+ S (K)
¥ TIME=D N
k 1T =%
: ITIME= D
JTIME=D
R DO 172 N=1,61
; F(NY=D .0
1.2 CORTINUE

.=
£ 199 IFCITIMEFLLT. ATIME(L#+Y)) 60 TO 189
4 L=t+1
E GO TO 199
189 TAIR=ATAIRCL)

V=AV (L)

RH=ARH (L)

WORK=& WORK (L)

IF(WORK - (M2 SA) ) 104,104,105
114 WORKI=0,0

60 YO 1{6 _
105 WORKI= (WORK=(BM~S/))a0, ”8
106 CONTINUF

DFNA=1.C/SVA

RECY)= CODENA=VADO(T) ) /MIA)
4 HO(1)=CCONDA/DO (1)) 2 (0. 97+0 . 68#(RE(I)* w1, 5)) #(PRAR® 1}, T)
E DO 2 12246
; DEM=T, 0/SV

REC1)= C(DEN*VADO(I))/MU)
HOCID)=C(COND/DOCII IR (D A02(RV (T)asQ . 50)4/PRoaN_31)])

2 CONTIVUE
HO(1)=(COND/DOCTIIIA(N Y740 CEXC(RE(TII#a N S))a (PR*], 3)
VE1)=1.02¢C1.0/h0C1))+ (ALCT1)Y /RK(T)

UL =1.07CLT1.0700C2) Y4 (AL(2) /RK(2)
HE3X=1.0/7¢C1.0/F0C3))+ (ALC3) /RK(3)
UCAY =1, 02CC1 07 H0T4)) 4+ CALCL) /JRK(4)
UCSI=1.0/CCT.07v0(52)+CALIS) /RK (D)
E UY=L/ .OGZHO(HD )+ CALLE) /RE (F)
‘A DO & I=1.6
1 MI)=U(T)*S ()
4 CONTINUE
I=(TAM/S)+1. N
PIN=PCIIHPCI+1) =P (I)) A (TAM=S* (1~-1))/5.0
PAIK=RH#PIN
K=(T(11)/5)+1.9
POUT=P (K (F K+ )=PIKII*(TLT ) ~54(K=1))/5
30 CONYINUF
DO 302 N=1,61
WARM(N)=(.0
coLo (V) =0.0
IF (F(N)Y)Y 397,311,311
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311 F(NY=D.LD
310 CONTINUE
FRROR(N)D=T(NI-TSITI(NISRATL (N I*F (N)
IF (ERROR(N)) 33,372,304
303 COLD(N) =~T RROR(N)
GO0 TO 302
{4 WARM(N )Y =fRRORIN)
302 CONTIVNUE
WARMS=0 0
coLps=0.0 .
DO 305 I=1.6
& K=10+]
4 WARMS - wAEMS + WARM (XK ) aSCINR(T)
; COLDS=COLDS+COLD(K)#SKTYR(T)
309 CONTINUE
SWEAT=CSWAERRORCII4SSWH (VARYS-COLDS)I+P S JARM(1) *WARMS
DILAT=CODILAFRROR(II+SDIL *(WARMS =COLDS) *PDPIL*WARM(T) *WARMS
STRIC= ~CCONMNERRORCI) ~SCONY( WARMS~COLDS )P EON» OLD(1)PCOLDS
THIS CONTROLLER PASED OM FULY SUTIT DATA
CHELL=EM+T,9FE703200=R_ 9295166 *(T(11)-TSL (T 1))
$-2. 453566928 (TCAN)=TSET(ONY Y =4 5945341 5w (T(S ) =TSET(SD))
$-5.36126819%(T(A0)=-TSET(30))
THIS CONTROLLER HASID ON PRELIMINARY DATA
CHILL=7 N1 =S B22a(T(SM)=TSET(SM ) =2.6717% (TCI)-TSET(IN))
E-T7 33BN (T (1 )=TSEY (1))
IF(SWEAT) 309,331,312
N9 SWLAT=0,0
312 1IFCDILATY 314,314,314
313 DILAT=N.0
3 214 TE(STRIC) 319,316,316
3 X158 STRIC:=¢.0
1 kBT JFCCHIL) 317,318,319

[ B o e W

: 317 cHILL=0.0
= 31K CONTINUEF

4 4.0 COMNMTINUF

DO &M 121,06

N=T1R] -G

Q(N)=RB((N)

BRF(N)=RFRBR(N)

E(nN)=) 00

QRIN+1) =QB(N+1)

BF(N+1)=BFB(H+1)

F(N+1)=C. 0

QIN+2) =QR (N )

NF(N+2)=BFB{NT?)

E(N42)=N_0

Q(N+3) =QR(N+3)

BF(N+3 ) =RFHR(N+3)

E(h+3) =00

QIN+4) SQRIN+L) I WOKKY (1) AWORK I+ CHILMT) #CHILL
RF(MN+L) =BIR(N+L) +Q(N+4) ~uB(N+4)

E(N#AY=0_DN

QINSS) =QR(NTSHHVORKM (I ) AWORK I CHILM(I) 2 CHILL
EFINSDI=RFROAESIPQINIS) =GR (4 +5)

c-t8
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14

15

612

SN

S0P

E(N®S) =N
QIN+A) ZQBIN+A) P WORKM(T) mWORK I+ CHILMCL) *CHILL
PFCN+B)=BFBIN+KI+Q(NI6) =GR (N 6)

F(N+6) <0,0

QINE7) =QBR(N+7) *WORKMCL) *WORK 1#CHILMCI)ACHILL
PF(N#7)SHFR(N+7)4R(N+7)-0B(N+7)

E(N+7)=0.0

QIN+R) =QR{N+R)

BF(N*R)=RFR(N¢B)

E(N+R) =D 0

QGIN+9) =QR(N+Y)

AF(NED ) = ((BFR(N+Q)+SKINV(IIADILAT) /(1. 24SKINC(L)»

& STRICYIwZ, O (ERROR(N+9I/6. 1)

ECL+9) =0 .0

CONTINUE

IFCAWDIRK (L) - (SA=BM)) 14,74,15

BWORK=S A®BM

€0 Y0 16

AWORK= AWORK (L)

CONTINUE

VE=(22.0xBWORK) /4L ES

VEMIN=VE /63

BF=761.0C

TI=TAIR4273 .1

TE=T(11)4273.0

AIRDCP = (N 2905x(BRIT6D) = (297 /TED)) /1000
HEZIOUT =VER ((BP#GY YA2) /(2. 42TE))«(POUT/(BP=-1CUTI )

R (18,.101534/76G.Q42)

RHFAT= (6 7E-7#(VEMIN®®2))+(A 2F -S4 (VEMINR&3))
RHL=(VE®XAIRDCP*{TE~TI))+ (0. 55+H2002UT)

DO A2 1=11,14

E(I)=(RHL-O, LEABHEATY /G LT

CONTINUE

Lo S0 k=1,61{(

BCAK)=BF (K) 2 (T(K)=-T(H1))
TO(KEI=TCAK) A (T(K)~-T(K+1))

CONTINUE

no 5019 11,6

K=1( D =9

HF(K)=Q(K)-FE(K)~-BC(K)-TD(K)

HE(K+1) =K+ 1) ~F(K+1)-RCIK+1)=TDH(K+1)+TD(K)
HF (K42 )Y=Q(K+2)=F(K+2)~BCIK+2)I=TDI(K+2)+TD(K+1)
HE(K+3)=Q(K +3)~FE(K+3)-BC(K+3)-TDP(K+3)+TD(K+2)
HF(K44) =Q(K $L) -+ (K+4)-BC(K+4)-TD(K+4L)+TD(K+3)
HF(K4S)z0(K+5)=F(K+S)~RC(K+S5)=-TD(K+5)+TD(K+L)
HF(K+6)SQIK+A)=FUK#A)=PCK+EI-TP(K*AI+TPIKES)
HEC(K*7 ) =Q(K+P)-E(K#7)-BCIK+7)=TO(K+7I+TID(K+5)
HEC(K+B ) =QIK+E)~FA(K+S)=EC(K+E))=TL(XK+8)+TD(K+7)
HF (K49 ) sQ(K 4G =E(K+2)=BCIK+ I+ TDUK+S3) =SS I 2 (TU(K+O2)-T(1+61))
HFECI®GT1)=HSS QI (TU(K49) =TI+ 6T))-H(I)*(TCI+6 1)-TALIR?
CONTINUF

HF(61) =0.0

DO S"Z K=1l(1ll

HE(AT1Y sHF(AY1)+RC(K)

CONTINF
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1
4
b
p

DTL’G.DTC‘éh()ﬁn’?b(‘-’\(v()?
DO 67) K=s1.,67

FKI=4F(K)Y/C (¢)

AV=ABS (F(K))

TFCRUSDT~C, %) SO 6N, 604

6.1 pPT=0.1/A0

650 TONTINUF
0C 77D K=1,67
T“()'*'T(K)*P(K)*DT'

7.0 CONTINUF
TIME=STIHEADT
LTIME=60  wT ] ME
IF(LTIME‘!NT‘]TIME) 301,701, 701

E (4L ] CONTINUE

4 ITIME=ITIME+INT

] tc=0.)

HP=0.)
EV=0.D
T$=0.9

4 .'F)‘-"T.j

3 HELQW=Q .0

> SRF=, O
DL £ N=1,8"

C0=CO+BF(N) 2600
HF=HP+Q (N)
EVSEVHE (N)

€ 0 CONTIVUTL
pe 82 1=1,4
Sf’F-‘-Sqf*Pf(TC‘I)/f)f).n
TS=TS‘Tf1ﬁ*l)*C(1G*I)/CS(1)

&2 CONTINUF
0C &' N=1,61
TﬂzTB‘T”')*C(N)/C‘?(’)

HH_()J“-:H‘FLOW"H'(N)

81 CONTINUTF
EV=gv/Snh
H¥ =qo/ 5 A
HELOW=HFLOW/SA
fF:E(11)*((1?)*5(13)45(’4)
C()N02=(HP"FE/SA“HFLOU)/(T‘61)'TS)
IFCIYIME-INT) 910,910,911

910 WRITE(T,ug9q)

@Gy f(.‘R'U‘T(’T'a"‘th'HAYLFY Fv{ C.R.")
WRITEC3,912)

@12 FORMAT (1 '11)(0'T'llox"YN'I?XI'H”LN"2XI'M°’5x:'FV'o:SX"Tr?'r‘oX#'VS'
&,lcxr'VN'plo)”'T(",qu,'TP',&V,'TM':}X,'SSF"3¥ l'CO'lle'CCND'I2Xa
S'TLFG"2¥o'TARM'e?X:'TTQN’(')

Nh=

AR UR,TF(3:‘1‘15)]7INEt’AIRaHH_.”N:HP;EVITB:TS:T(')07(6");"(11)0
£ 7(47)aSQr'CO;CONDE:T(‘)(‘)'Y(3’.\)17(20)

915 FORMAT (* 'fI‘:FS.T,%T&.1;6F!‘J.2/f5.?,?F‘3.1;356.?)
conel3=n . r ‘
DO 250 I=1,¢

A
1
]
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CONDI= CONDI+HCI)A(T(I+61)~VAIR)
2050 CONTINUE
COND3I=COND3/SA
i HIRAL=HP-HFLOW-FE/SA~COND3
NY=NNeY
C1100 KK=XK+?
A(KK)=]1TIME
ACIJI+KK) =TALR
A(P»JJ+KKI=T (1)
A(Px I +KK)=TS
AlLxJ2+KK)=T (1)
R(KK)=1TIME
B(JI#XK)=TAIR
PC22)) +kK)=HE
(3v3) +KKI=SEF
B(&n])) +K¥FI=CC
JTIME= TIME ¢INT
YFCITIME-23D) 201,111,117
1101 JTIME=Y)
TFCQITINE=9U) 102,11 021102
C1127 CALL PLOTLEC1,A,4L0,5,40,()
C WRITE (X,2"N"1)
€300 FORMAT ( =", 10 %, " 1=Td TR 5%, PO TR SN, 32T S, SN, P 4=TH®)
C CALL PLOTEE (o, 40,5048 ,7)
C WRITE (2,3002)
CIH02 FORMAT (" =", 10¥, "1 TYTR, 5%, *F=M ", 5%, 3-SBRF', “X,'4=C0")
1102 QETURN
END

N AN A M

182.4000069306,0000
39.40000
?.55001 L TURDU A RAR RVR "6 r400
21.007010 u.710.C 0.76580 Nn.R1620 0.3%5122
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TR O AT A IO VT TR PR T A T T T T AT

T PR  TTY SRV TN TR Wi, MR T L 2 A R

'y HIY S.6G.=1.08462 %X BCDY FAT= 00,0711 SURFACE AREA= 1.BL1TSQ N

ADIPOSE TISSUF WT.= 64,9297 XKG  NON-ADIPOSFE TISSUE MWT.=64.37070 &¢

HEAD KADIUS= (.0v?2 M HEAD VOL.= Q.0030 M CUHE
TRUNK LENGTA= (.9779 ™ TRUNK VOL.= 0.0377 M (UBE
ARY LENGTH= O,.7635 n ARM vOL,= 0.0066 % CURE
HAND LENGTH= T1.182%1 M HAaMD VAL .= H,.000A M CUBE
LEG LENGTH= 1,.4624 M LFG v2L.= Q. 0G167 v CU?¥
FOOT LENGTH= 1.5492%2 M FOOT ¥OL.= (.0029 M CUPRE

FOLLOWING ARE SCI) VALUES IN S M
65,1398 0.7161 02825 1.1409 G.6543  0.1905

FOLLOWING ARE ALC(LI) VALUES IN M
0,202 .03 0.00%1 N.0Ges 0.007% c.0029

FCLLNWING ARE HOCI) VALUES IN M
5.2110 Nn,2349 0.1179 J.03&0 (0.144> 00,0392

FOLLOWING ARFE HSS({I) VALUES 1% KCAL/HR/DFG €
1.543% 88,2372 3.3379 1.2735 7.8793 1. 72441

FOLLOWING ARF TC(I) VALUES IN KCAL/HP DEG C

3.61 1.8 2.92  6.99 30,33 31.63% 32.93 13.73 E..6 (.0
& 3.63 0 7.4 11,60 14.14 16,57 2048 24.38 22,29 27.6%  (.C
: 2.%6  6.03  9.12 10.05 11,17 14.25 17.32 19,08 18,23 .0
A .42 9.33 14,12 25,13 71,10 75.¥4 0 8,59 20.1%5 7,19 0.0
5.40 11,39 17,23 19.1R” 21,43 27,24 33,04 40,11 41.8¢ 0.0
5.80  12.23 18.51 40,14 150.35 156.56 162.78 27.71 1C.48 2.0

FOLLOWING ARE AL1) VALUES IN SQ M
.04 .16 J.08 3,19 2.1 .11 2.1 J.11 012 .13
N.21 0.3% 7.37 7.47% N, 49 L.54 n.s9 nN.63 NL6A TL6R
07 0.10 d.13 A g.17 0.20 ha22 0.23 .24 .26
R4 7.34 D.05 0.76 N.35% 0.07 r.ov7 a.cv .08 0.1
/ .25 0.3 J.36 C.42 0.47 P.5¢2 J.56 .58 0.61
, (4 .06 0.n78 n.19 1.009 N.10 n.in .10 n.11 .14

FOLLOWIHS ARE RMPUI) VALIES IN M

0.0352 72,3715 C.G8272 (C.I891 (.0920 €031 0.0%42 ) .U954 0971 G004
D.333%32 H.0491 NUIEGLE D, 0733 N, 0794 D.0887 0.(9648 5.1037 N.1084 0.9122
NN149 0,N217 MLN2A7 CL0T1T N T361 N N6NE N, 1650 ) NAes T 0507 0 537
M.00641 00059 .03 C.nC3% A,0087 0.0090 CL093 3.0097 6.,0108 0.0139
E 301971 D.0277 T.N340 (0399 12 G660 D051y 007571 310613 n.0639 Q.1670
z D.0346 C.0067 0.30%2 (C.07372 D.00%7 0.N099 0,001 D .0105 £.0115 C.0145

302

}
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£ FOLLOWING ARE
£ 3.0272

(.0122
9 G.2141 6.0305
3 0.0)50 £.0N55
L 0.NI22 TINS5
3 D.0102 5.1370

g 5.0025 J.0M7

o FOLLUWING ARE
P €Sf1)Y= 3,438
i FOLLOWING BRE
] 9.566  5.554
b 2.526 2.50C6
E D.362  0.3%62
B NIZE DL036
4 1.077 1.377
3 J3.761 0 0.261

2.250 10.050

f‘ FOLLOWING ARE

3167 3.157
11.364 11.354
0.151 021531
0.318 2.M38
Tobnb .46
J3.329 0,029

FOLLOWING ARE
11,257 11.25"
52.5u2 %2.500
2187 5.181
T.321  0.021
J.560  T.550
~.235  ".N3S

FOLLUWING ARE
n.387 n.N7?
D.335 5,069
n.215 n,722
2.304 C.006
n.Je” ©.72%
N.305% 0.037
2.105 .17

FOLLOWING ARE
0.06452 L.7654
50267 (.N42R
JJC9 L0139
5.0030 .,nn52
T.0139 L2262
D.3234 G058
0.1226 90,1163

onli Sadiash it iiaiiiod ae it b Ui b Al ol Ll L Mt

XK{I) VALUYES IN M

et}

LLONG3 MUN04AH N DT 0,001 D, N0
L0101 0LUGP7 3.0094 D.0064 0.0077
C.N045 00046 D.O050 D.0064 U040
$.0712 0.L0)7 ALL00% D.1003% D,ouns
5.0087 10,0067 0 ,"062 0,0055 1,075N0
G.OC14 C.5N7 0,002 5.0002 0. 902
THE VALUFS OF CS(1) AND CB(1)
, CR(1) = $6.347
C(I) VALUES IN KCAL/DEG-C
0.564 G.564 3,085 ©.N8S 0,085
2.576 2.536 4.105 4.1CS 4.105
0.362 0.362 0.772 10.772 0.772
0,036 N.736 £.017 1.617 0,717
1.077  1.277  2.331  2.33%  2.331
0.061 0.061 0.017 0.017 0.717
0.265 J3.102 5.045 0.238
Q3 (1) VALUES I% KCAL/HP
3.167 3.167 £.031 0.031 0.9%1
11.364 11,364  1.532 1.502 1.5732
0.15%1  0.151  1.283 (.2B3 0.283
7.918  1.M&  0.006 0.006 D.106
NLL66 N.656 T.RS3 N 853 0.553
0.02% N.u29 5.006  1.006 D.T06
BFS (1) VALUES IN L/HR
11,259 11.259 0.937 1.087 0.L37
§2.570 52,530 1,213 1,803 1.%03%
J.181 0 0.121 0 9.33¢ 0 0.339  0.739
0.021 0.021  .007 €.007 0.%
C.560 N.560 1.3264 1.024 1.02¢
N.035 2.635 ".007 7007 0.327
R(I) VALUES IN M
0.082  N.091 0.092  0.09% 0.794
0.061 C.070 N.080 0.0BY J.097
0.027  0.031  7.034 0041 0,045
N.0J7  N.1%e 0 D.009 N.0N9  0.ON9
0.03 0.039 75.064% 0©.052 0.357
5,008 0.010 0,010 £.010 2.010
0.759 G.)19 N.072 0,020
CYCI) VALUES IN M
0.0776 G.084% [.7914 0.7925 N, 936
N.0553 0654 L0751 N.064S 0.0929
0.0244 (.0249 0.G337 2.0386 0.0430
NLOGET NNDT9 0 0846 0,5089 0,319
0,0312 1.03469 10429 0.0491 0.0544
0.0575 £.00R9 € .n096 N,0N98 0,710
N.05%9 N.0161 0.C691 0.C167
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D.0014
1.0061
J.0Ue8
D.0006
D.0733
2.006C6

", 3RS
4.105
r.77?2
n.n17
2.331
C.017

n.G31
1.502
£.283
C.00s
N.&53
".006

ve 037
1.862
.39
L.007
1.024
n.007

N.J93%
0.104
2.0469
.10
.062
c.210

0.0947
7.10306
3.0470
2.7094
0.05%97
3.0102

n.0021
G.CO34
c.co19
t).OO" ¢
n.noer
n.0015%

H.099
1.873
0.256
c.n59
T.6731
£.n59

C.049
J.937
t.128
0.020
n,31%

n.oxG

0.097
C.106
9.051
a.01n
0.064
0.011

0.0961
J.10¢7
5.7497
N.0T00
n.n62e
e.ui0r

0.0D4S
N.nNe42
0.1062
0,004
nN.NN4s
C.C044

0.245
1.234
N.447
n.17n
1.097
r.218

0.n82
0.411
C.140
c.is7
N_.35A
D.073

1.645%
2.13%
V.66
1.0564
1.004
(1.567

0.799
0.111
.053%
1.01%
6.066
5.013

3.0098°2
0,110
0.r516
0.0%16
n.C64L9
g.r123%
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To Run the Mode !

'D

LN SN

Speciflc gravity of the simulats subject may be entered by data
statement. |f SG=0 the program will calculate 56 based on subject's

helfght and weight.

Protective devics thickness (THWS) In meters is entered by data

statement.

Protective device thermal conductivity for each body segment (RK(N))

Is entered by data statement.
Water temperature (ATAIR) Is entered by data statement.
Subject helght and welght are read from the first data card.

The cutput mey be iabeled by simulated experiment by altering the
hollerith stream In format statement 999.

LR34/ 0 TG
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